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HYPOPLASIA OF THE PATELLA, ( ROOKED LITTLE FINGERS AND DYSTRO¬ 
PHY OR ABSENCE OF THE NAILS AND ABNORMAI, LUNULAE 




L. S. WiLDKRVANCK, Gfoningcn 

I'rom the Iiislilute of Genetics, Government University of (rroningen, 

Netherlands 

(lieceiied fot publicaiion March 31, 1^49) 


The family described in this article consists of 53 members, 22 of 
them show all or a part of the anomalies mentioned in the title. 8 
persons out of these 22 are deceased. I obtained information about 
them through relations who had a good knowledge of the abnorma¬ 
lities that appeared in their family. I was able myself to examine 14 
of the 45 men and women who were still alive (in the pedigree indicated 
with ♦*), 10 wTre examined by colleagues (indicated with*), about 
the others I obtained oral information or they informed me by letter. 
Of many of them skiagraphs were made, 76 in all (most of these were 
made in the Rontgenological Institute of the State University of 
Groningen, Professor Keijser). Of 5 probandi the nails were photo¬ 
graphed *). 

First I shall give a description of the probandi 2 ). 

I generation. No. 1 (j). Abnormalities of elbows, knees and nails. 

J) I am much indebted to Professor Br. S. Keijser at Groningen, H. A. 
Vei.tman, rdntgenolog^st and J, J. Siepkrda, physician at The Hague, 
J. W. Houwen, rontgenologist and K. van der Hem, physician at Leeuwar- 
den for making the skiagraphs and examining the ])crsons who lived in those 
two towns. I further expre.ss my sincere thanks to Profe.ssor Dr. M J. Sirks 
for his usefull advice. 

i) Deceased persons are marked with a dagger. 
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II generation. No. 4 (f). Abnormalities of elbows, knees and nails. 

All the fingers were congenitally crooked. During her life this 
became worse and worse so that she scarcely could use her hands. 

No. 5 (t). Abnormalities of elbows and some of the nails. Of the 
knees nothing was known. 

No. 6 (t). Abnormalities of elbows and some of the nails. Knees 
dubious. 

Ill generation. No. 9 (f). Abnormalities of the elbows. Nails partly 
absent. 

No. 10(1). Abnormalities of the elbows. Nails partly absent. 

No. 11 Elhoivs: extension only possible to 160 degrees, pro-and 
supination seriously limited. Skiagraphs (in frontal and in lateral 
direction): right: radius luxated forwards to a high degree (fig. 2). 
Left; radius luxated backwards. Exostosis of the ulna (this is only to 
be seen on a frontal skiagraph, not reproduced) (fig. 1). Both capitula 
radii rounded and the colli narrowed. Skiagraphs of the hands normal. 
Left: the ulna is somewhat displaced distally, the os triquetrum lias 
been ,,pushed” distally. Knees: right: the patella has been luxated 
totally to lateral and is hypoplastic (skiagraphs). On his left knee the 
man has been operated, 'fhe -hypoplastic-patella was at first totally 
luxated to lateral, after the operation it was somewhat removed 
forward. Nails: the thumbs have no nails at all (fig. 14), the others 
are iK^rmal, the lunulae however, except on the little fingers, are large 
and triangular (about 90 degrees). 

No. 12. He was the initial patient. FAbows: both capitula radii 
conspicuously j^rominent, luxated backwards. (I first believed them 
to be exostoses!). Extension possible to about 160 degrees, pro-and 
suj)ination .seriously limited. Length of the ulnae 24.5 cm., radii 
25 cm (normally the ulna is 1 a 2 cm longer than the radius). Skia¬ 
graphs (left elbow fig. 3, right elbow was the same): backward luxa¬ 
tion of the radii, capitula rounded, collum thin. Both ulnae show on the 
proc. coronarius a pointed cxosto.sis to the radius. Capitula humeri 
insufficiently developed. Hands: somewhat in abduction, skiagraphs 
however normal. The fingers are somewhat flexed, it is however not 
possible to flex them fully (in his youth he could not hang on a hori¬ 
zontal bar!). Botli little fingers arc congenitally crooked. On both 
sides the proc. styloidii ulnae are very prominent. Knees: on both 
sides the patellae are smaller than normal (for the left see fig. 10 on 
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which two outlines are marked of normal patellae after skiagraphs 
from the archives of the Rdntgenological Institute). Tuberositas tibiae 
left and right very prominent. Nails: of both thumbs the part turned 
towards the fingers is dystrophical (fig. 16), of the other fingers they 
are normal. Except the little fingers they show as prob. 11, a brother, 
large, triangular lunulae (fig. 15). 

No. 13. FAboivs: backward luxation of both capitula radii, on the 
left elbow this is very prominent, as with no. 12, on the right much 
less. Extension of left elbow possible to about 160 degrees, on right 
almost complete. Pro-and supination on left almost impossible, right 
to a less degree than normal. Right epicondylus medialis humeri 
greatly prominent. Ecngth of the left radius 27 cm, ulna 25.5 cm, 
right 26 resp. 27 cm. The ri^ht little finger is congenitally crooked. 
Knees: the right knee shows a conspicuous valgus position, the left 
in a less degree. Both patellae arc luxated to lateral, they are small 
and they cannot be brought forward. The condyles medialcs of both 
temores arc* highly developed and gi\'e the knees a deformed appear¬ 
ance. On the left the tuberexsitas tibiae is developed in a higher degree 
than normal. The man complains of falling backward very soon! 
Hath big toes are stiff in all the joints (congenital). The mu.sculus vastus 
medialis is underdeveloped both left and right, the thighs are very 
flat oil the inside. Nails: only the nail of the left little finger is normal, 
those of the thumbs are totally absent, those of the other fingers are 
little developed and have lengthwise furrow's and gaps. In so far as 
the basal part of the nails is present, they have large, triangular 
lunulae (fig. 17 and 18). 

TV generation, No. 19. Elbows: no abnormalities to be seen. Knees: 
the right knee has been operated upon 15 years ago for habitual 
luxation of the ])atella. Left patella in its normal place, not movable 
abnormally. Nails: of both thumbs the nails are absent from her 
birth (as the father, no. 11). 

No. 20 (t). According to the father he also had no nails on his 
thumbs from his birth, the elbows and knees were said to have had 
no abnormalities. As he w'as a pilot during the w'ar (he was shot 
down at the invasion in Nonnandy), there was obviously no question 
of invalidity. 

No. 21. Both elbows cannot be extended to 180 degrees, pro- and 
supination slightly limited. Capitula radii somewhat prominent, a 
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distinct luxation however could not be established (no skiagraphs 
were made). Fingers: flexion of the distal phalanges of fingers and 
thumbs limited (conf. prob. 12!). Knees: patellae smaller than normal. 
Volunteered for service in Indonesia, was home at leave. Nails: the 
thumbs have no nails at all, the others are split and atrophical. 

No. 24. Elbows: extension not possible to 180 degrees, pro- and 
supination less than normal. Capitula radii in the normal place, but 
rounded (fig. 4 and 5, on the lateral skiagraphs the same). Capitula 
humero insufficiently developed. Right collum radii somewhat thin¬ 
ned. On the right a pointed exostosis on the proc. coronarius ulnae. 
(Lateral skiagraphs also made). Hands: skiagraphs normal. Knees: 
on the external no abnormalities. Skiagraphs: patellae somewhat 
hypoplastic. On the right a patella with 3 little bonenuclei beside the 
true patella. Vertebrae: on skiagraphs no spina bifida (this often occurs 
together with other congenital anomalies). Nails: those of the thumbs 
insufficiently developed (as father, no. 12), those of the other fingers 
normal. Lunulae abnormally large, curved, not triangular. 

No. 25. Elbows: right: capitulum radii prominent to a high degree. 
Left: similar, but not to such a high degree. Extension of right elbow 
not possible to 180 degrees, of left nearly to 180 degrees. Pro- and 
supination limited. Skiagraphs: right: luxation backward. Left: 
similar, but not to such a high degree. Capitula rounded. Left collum 
radii thin (fig. 7 and 8). Capitula humeri insufficiently developed. 
Hands: skiagraphs normal. Knees: no abnormality, the patellae 
however, are somewhat small (skiagraphs^. Nails: they are all well 
developed, the lunulae are obtusely triangular, it is dubious whether 
they may be called abnormal. 

No. 30. Elbows: no abnormalities. Knees: the woman falls very 
often, finds it particularly difficult to descend stairs. Patellae on both 
sides luxated to lateral. Musculus vastus medians insufficiently 
developed, hence the thighs on the inside very flat (the woman 
knew this!). Nails: on the thumbs the nails are absent. Those of the 
indices are very insufficiently developed. The middlefingers show 
small clefts, the right index is nearly totally split. Lunulae large, 
triangular (fig. 19.) 

No. 31. Elbows: no abnormalities. Skiagraphs: left and right 
normal. Fig. 6 shows a frontal skiagraph of the right elbowjoint, on 
this we see very clearly a capitulum radii with a caved surface and 
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a normal broad collum. The capitulum humeri is well developed. 
This skiagraph is also meant as a comparison with the abnormal 
radii. Proc. styl. radii developed to a high degree. Knees: patellae 
totally luxated to lateral and too small (^ig. 11). From his 6th until 
his 16th year the patellae ,,shot*' aside again and again, causing him 
to fall straight backwards. It is evident that the luxation, which is 
now fixed, began gradually in the first years of his life. He falls very 
often, cannot go quickly and has even got an interiority complex as 
he thinks that jx^oplc always look at him. Tlie tuberositas tibiae are 
abnormally large. Nails: on the lateral sides of the thumb nails only 
little indurations, while working little pieces of nail that have grown 
are pushed of f every time. On the indices only on the thumbside .some 
development of nail, otherwise only a somewhat strippy formation 
of horn. The other nails are well formed, some of them, however, 
clearly showed the large triangular lunulae. 

No. 32. (t 5 years old). Mentally abnormal. The arms could not 
be stretched, the knees were ,.abnormal”, the nails were partially 
absent. 

No. 35. The only anomaly: the epicondylus medialis humeri left 
and right developed to a somewhat higher degree than normal. 

No. 38. 1 year old. According to the family on arms and legs no 
abnormalities (yet) to be seen. Nails are partially absent. 

No. 40. 8 years old. Elbows well formed. Knees: does not go very 
well (but he is able to leap a ditch!), he has genua valga and is flat- 
footed. The patellae are ab.sent on both sides (fig. 13, lateral skia¬ 
graphs also were made). The flat surfaces on the front of the knees 
are very conspicuous, also the prominent condyli. This, by the way, 
is also more or less characteristic for the members of the family with 
luxated patellae. Hips: skiagraphs normal. Nails: on the thumbs 
no development of nails, on the indices pieces of nail, the other nails 
are normal, (fig. 20). 

No. 42. 8 years old. Elbows: on both sides the capitula radii are 
prominent. Deminished stretching and pro-and supination. Proc, 
styl. radii developed to a high degree. On the skiagraphs, notwith¬ 
standing the incomplete forming of bone tissue, a luxation of the 
radius backward-lateral is to be seen (fig. 9). Skiagraphs of the 
hands normal, the distal phalanx of the indices however could not be 
stretched. Knees: patellae very small. On the skiagraphs the bone 
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nuclei are abnonnally small and frayed for his age (fig. 12). Nails: 
as the father (no. 31), on the sides of the thumbs only little indura¬ 
tions. On the indices little rudimental nails are pushed off every time 
while playing. The other nails are normal, lunulae large and triangular. 

No. 44. External examination entirely as no. 42. 

No. 45. U years old. Capitula radii prominent, seemed to be lux¬ 
ated entirely in the same way as with no. 42. Knees: no distinct 
abnormalities. Nails: entirely as nos. 42 and 44. 
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also no. 42), both may be luxated backwards, but one more strongly 
than the other (no. 25). The same is probably the case with prob. 
no. 13. With prob. no. 11 the radius has been strongly luxated for¬ 
wards on the right, backwards on the left. With no. 24 the abnor¬ 
mality is much smaller; both capitula are rounded but not luxated. 
A member of the family having abnormal knees and nails, but no 
abnormalities whatever in the elbow joints-confirmed by both frontal 
and lateral skiagraphs-is no. 31. The capitula beautifully show the 
normal fovea (fig. 6). Also, with the luxated forms a good circum- 
ferentia articuli radii moving in the incisura radii ulnae is practi¬ 
cally out of the cpiestion. In the case of abnormality of the collum 
radii the latter is mostly narrowed. 

It was impos.sible to make skiagraphs of all, and small abnormali¬ 
ties arc often not noticeable in a normal examination. A similar 
consideration holds for the deceased persons, and for .some of them it 
will be necessary to put the ,,K’* or in brackets. 

lliat the elbow joint must be considered in its entirety and not only 
tlie capitulum radii is clear from the frecpient underdevelopment of 
the capitulum humeri, (normal in prob. no. 31, fig. 6, abnormal in 
prob. no. II, prob. no. 12, lig. 3, prob. no. 24, fig. 4 and 5, prob. 
no, 25). The epicondylus humeri is sometimes very strongly devel¬ 
oped (prob. no. 13). 

The ulna sometimes shows a pointed exostosis on the proc. coro- 
nariiis (prob. no. 11, no. 12, fig. 3, prob. no. 24, figs. 4 and 5). The 
necessity of considering the elbow in its entirety is also pointed out 
by Pfeiffer, p. 58. What is cause, and what is result in this luxation, 
is not easily determined. Whether the capitulum slips off and luxates 
because the capitulum humeri is underdeveloped, or conversily, 
whether the cajutulum humeri is not or only imperfectly formed 
becaiLsc the capitulum radii docs not meet it, cannot be said. The 
simplest way is to reduce the matter to one single cause: an imperfect 
development of the epiphysis of both radius and capitulum humeri. 

It has sometimes been found that the ulna grows less than the 
radius, and that the latter luxates as a consequence. In the family 
investigated by me I measured the ulnae and radii of two persons 
(nos. 12 and 13) with backward luxation (see the descriptions). In 
the abnormal arms the radii were about 1 cm longer than the ulnae, 
while normally the inverse is the ca.se. As in these cases the dif- 
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ferences in length are not very large it is impossible to say with cer- 
tainty-as Muntek and Senftleben (cited by Bonnenberg) could- 
that it was the ulna which was backward in growth, but the possi¬ 
bility must be admitted that the radius grew more than the ulna and 
that the latter has its normal length. The effect will, of course, be the 
same. 

Various authors point out the coincidence of luxation and abnor¬ 
malities ot the ulna, as for instance a radio-ulnar synostosis (vid. e.g. 
Pfeiffer). Several authors note the rounding of the capituliim and 
the narrowing of the collum of the capitulum (Osterreicher, Horsch 
(Kohler quotation), Schroder). Strong development of the epicon- 
dyli mediales humeri (prob. no. 13) is mentioned by Thomson (cited 
by Firth) and Lester. Sometimes the luxated radius forms a 
synostosis with the humerus (Schroder). Siwon observed a case 
where the luxated capitulum radii formed a neoarthrosis with the 
humerus, Schmidt (cited by Pfeiffer) a synostosis of the upper 
parts of radius and ulna in father and son. The absence or under¬ 
development of the capitulum humeri is mentioned by many (Trau- 
NER and Rieger, Sieber). Functional disturbances need not, or not 
to any high degree, be present (Horsch), but many authors mention 
the disturbances of pro-and supination and the limited extension in 
the elbow joint. The cause of the latter is not entirely clear, but I 
do not propose to enter into that here. 

Of other abnormalities in the upper extremity mention must be 
made of a .strong development of the proc. styl. ulnae (prob. no. 12). 
Prob. nos. 31. 42, 44, and 45 have strongly developed proc. styl. 
radii. Unability fully to flex the fingers is found in nos. 12 and 21. 
Congenital contraction of the little fingers is shown by n@. 12 (fig. 15), 
his brother, no. 13, only has this of the right little finger (fig. 17), 
no. 4 had all fingers crooked. Trauner and Rieger and Orel also 
mention this complication for some members of their pedigree. It 
must be remarked, however, that this ailment frequently occurs as 
an independent anomaly (vid. Wildervanck, a). 

The knee joint, beginning with the pateUa is the next subject for 
discussion. Of the deceased persons only „abnormality ot the knees" 
was known, and consequently they must here, too, remain undis¬ 
cussed. 

In one case the patellae were both entirely absent (prob. no. 40. 
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fig. 13), with several members of the family they were clearly hypo¬ 
plastic (compare for instance, no. 12, fig. 10). This passing from 
absence to hypoplasia within a single family is also mentioned by 
Montagnard, and Firth. Hereditary hypoplasia and total absence 
of patella within a single family (i.e. without other abnormalities) 
is described by many. 

Tn many cases the-often hypoplastic-patella had been luxated to 
lateral (prob. no. 11, prob. no. 13, prob. no. 19 on one side only, 
prob. no. 30, prob. no. 31, fig. 11). This abnormality is also described 
by many authors. That the patella always luxates to lateral and not to 
medial is undoubtedly due to the lateral part of the fo.ssa patellaris 
allowing an easier slipping olf than the medial. Moreover the tendons 
of the m. quadriceps run somewhat to laterally. Bohler (a, b) found an 
atrophy or absence of the m. vastus medialis in two cases of luxation 
described by him, and mentions this as the probable cause of the 
luxation to the other side, i.e. to lateral. Moore (cited by Ruther- 
furd) also found a very insufficient development of the m. vastus 
med. (internus) in a patient with habitual luxation of the patella, 
Sever, in a similar case, found the entire quadriceps tendon to be 
small, only of the breadth of a finger. With two probandi examined 
for this by me, viz. nos. 13 and 30, who complained of dislocated 
kneecaps, I was actually able to establish this, their thighs were 
remarkably flat on the inside. For detailed discussions of this matter 
of. Bauer and Gottig. 

Like the elbow joint, the knee joint, too, can have more abnorma¬ 
lities. The condyli are sometimes deformed or strongly developed 
(prob. nos. 10, 13 and 31). Cf, also Turner, Bauer and Gottig. 
Sometimes a conspicuous valgus position can be observed (prob. 
no. 13 and 40, cf. also B. and G., Thomson (cit. Firth), Lester, 
Bogen, Sieber). The tuberositas tibiae are sometimes very pronounc¬ 
ed (prob. nos. 12 and 13). cf, also Heine, Langer, Turner, Firth, 
Lester, Osterreicher). It is worth wile to investigate in how far 
the patients are hampered by the abnormalities of the knee, also from 
an eugenetic ixiint of view. If we wish to ascertain first of all what 
is the function of the patella, Payr's opinion (vid. ten Kate a, b) 
that a patella is not necessary but nevertheless usefull for a good 
function, seems well founded. According to Payr the patella has a 
braking and energy conserving action and at the same time gives 
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Only abnormalities of the knee, 

Bogen : luxation and hy]>oplasia of a mother and 2 of her 3 children. 

Wuth: 4 brothers without a patella. Backhausen: luxation to 
lateral and hypoplasia of some members of a family. BEvSSEL Hagen: 
luxation in twn) brothers. Scheidt: no patella in mother, son, and 2 
grandchildren, 5 children were normal. 

Only abnormalities of the nails, 

1. Only the thumbnails. 

Ebstein: thumbnails entirely absent. Lunulae triangular. Father 
and 2 children, 2 other children normal. Strandskov: thumbnails 
entirely absent. Here also triangular lunulae. Mother, sister and 
cousin. 

2. Thumbnails and fingernails. 

Tobias : of 25 persons in 4 generations 12 had dystrophic or cloven 
tingcrnails, the thumbnails were as good as absent. Walter and 
Bradford: of 73 persons in 5 generations 46 were normal, 20 had 
symmetric affections of thumbs and indices, 7 had all nails affeclcd. 
Kemp and Andersen: a family of 33 members in 6 generations, 19 
of whom were affected. Thumbnails in all cases abnormal, in 6 also 
the indices, 2 persons had a little defect of all fingers. Dominant. 
Templeton: in 4 generations 6 members of a family had atrophy of 
the thumbnail turned towards the index, and the nails of the indices 
were also abnormal. 

Brittle hair sometimes occurs together with dystrophy of the nails: 
Nicolle and Halipri^:, Eisenstadt, Barrett, White (cited by 
Jacobsen), Hoffmann. 

Not uncommonly the toenails are al.so dystrophic. Jacob: all fingers 
and toes have no, or only rudimentary nails (3 brothers). Sprinz: 
father and son have atrophy of all fingernails and of the nails of the 
big toes, thumbnails entirely absent. Pires de Lima: in two gene¬ 
rations the fingerand toenails arc lacking in various degrees, 5 memb- 
bers of a family. Villaret: total absence of all fingcr-and toenails 
(5 brothers?). Cutore: in 3 generations 10 members lacked all nails. 
Hobbs. 

A very peculiar occurrence is the occasionel additional absence of 
the distal phalanges of the fingers. Cragg and Drinkwater: apart 
from this phenomeon brachyphalangia of the second row of phalanges 
as well, occurring on all lingers and toes except the big toes and 
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thumbs. Chilton, cited by Cockayne: in 4 generations 6 members 
had brachyphalangia with cloven nails. 

This combination of abnormalities of the nails (ectodermal) and 
phalanges (mesodermal) is interesting in so far as it raises the con¬ 
troversial question of a possible polyphanous factor causing ecto- 
and mesodermal abnormalities (see below). 

After this discussion of the literature on the heredity of one of the 
three abnormalities we shall now turn to that of families having 2 out 
of the 3 anomalies. 

Elhovi) and knee. 

Sieber: the patient examined had very small patellae luxated to 
lateral. On either side the capitulum radii was luxated backwards 
and outwards, 5 brothers and sisters were normal. Two aunts had a 
radius luxation on the right side, and so had the grandmother. Sek- 
viER : a father and one son had a luxation ot both patellae to lateral 
when flexing the knees, another son had a bilateral luxation of the 
capitulum radii besides. Dkncks: congenital luxation of the left 
patella, subluxation of the capitulum radii of the right elbow. The 
mothei „was said to have the same". Heine: no patellae, backward 
luxation ot the right capitulum radii. „Father and sister were said 
to have it too". 

Elbows and nails. 

On this I have found no publications. 

Knees and nails. 

Sedgwick: in 4 generations 18 persons without patellae or nails. 
Wolf: no patellae and complete absence of thumbnails in mother, 
son and daughter. Rubin : grandmother very small patellae, no thumb¬ 
nails, mother the same. A son no patellae, normal thumbnails, a 
daughter no patellae, partial thumbnails. Little: in 4 generations 18 
cases of patella defect and absence of thumbnails (but only a single 
patient examined, and that by someone else!). Most; abnormalities 
of the nails, one member also lacked patellae and had other skeletal 
abnormalities. 

Abnormalities of the patellae, elbows and nails, i.e. the entire triad. 
Wrede: father and 2 cliildren (probably also grandfather and 2 of 
father’s brothers) bilateral radius luxation, all thumbnails under¬ 
developed, in one case also those of the indices, all had a lateral 
luxation of the patellae. Firth, and Lester, who afterwards added 
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to F’s family, found a mother and 4 children (2 were normal), having 
absence or hypoplasia of the patellae and abnormal developed tubero¬ 
sitas tibiae. The mother and 2 children also had a luxation of the 
capitulum radii. The thumbnails were underdeveloped, the other 
nails only showed grooves, those of the little fingers being normal. 
Some had also abnormalities of the .scapulae, iris (many-coloured) 
and hips. Tkauner and Rieger, afttTwards added to by Orel: 4 
generations in which 8 persons wnth abnormalities. The several 
members have varying combinations of abnormalities, often all 
three, but not always. Also-which could not be established beyond 
doubt in my farnily-a person with only abnormalities of nails and 
radius. Tlu* patellae were liypoplastic or entirely absent, in (me ca.se 
there was a subluxation The capitulum radii was always luxated 
backwards or .subluxated. 'Fhe thiimb-and indexnails showed dystro¬ 
phy in most. Special mention must be made of a contraction of tlu* 
little fingers (sometimes more fingers). Osi i*rrei('HEk: 5 generations, 
11 of the 21 members had abnormalities. Patellae mostly small (never 
al)sent), one patella bii)artita, tuberositas tibiae abnormally laige. 
In one case an almost complete ankylosis of the knee joint. Mostly 
(not always) a luxation oi subluxation ot the ca])itiihim radii, exosto.s- 
es. Thumbnails entirely or partially lacking, in 2 cases half, in one 
ca.se tlie other fingernails also affected: index small and cloven, 
other fingernails brittle 'Foe nails also generally brittle. Dominant. 
Tcrner: 2 families, both of 4 generations, in one 26 affected out 
of 39, in the other 27 out of 41. In the first family 2 .sisters with small 
])atellae. Tuberositas tibiae prominent, internal malleoli especially 
thick. Acromial end of the claviculae very prominent. Klbows cannot 
be fully extended, the skiagraph .shows the lower end of the humerus 
to be greatly thickened, ('apitulurn radii .small, no clear luxation. 
Internal condyli of the humerus strongly prominent. Dystroidiy of 
the nails. In the second family 27 out of 41 had dystrophy of the nails, 
varying from total absence to near normality, thumbs affected ot- 
tenest, little fingers least. Only 9 also had ,,arthrodysplasia'’. I)e- 
SCIiptions very summary indeed. Montant and Kggermann: 9 af¬ 
fected out of 29 in 3 generations of a Swiss family. Hypoplasia of the 
patellae, .sometimes habitual luxation of these, no fixed luxation. 
Subluxation of the radius, sometimes very loose articulations of the 
hands. Hemiatrophy of the thumbnails (the ulnar part atrophied) 
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in almost all members of the family, all nails flat and strongly grooved, 
in one case. Abnormalities of the elbow not very evident here! Sever: 
probandus, a cousin and an uncle had the patellae luxated to lateral. 
Exostoses in the elbows, causing insufficient extension (nothing is 
said of luxation) Thumbnails rudimentary, for the niece and the 
uncle this was said to be the case with all fingernails. Senturia and 
Senturia: the person examined had no patellae, deformities of the 
nails and a luxation of the capitulum radii. 30 remaining members 
of the family were said to have this almost the same, the information, 
however, was vague indeed. 

I (lid already draw attention to the fac't that, apart from the triad 
discussed, the members of the family described by me often showed 
more abnormalities', deformations of the wrist, of the fingers, con- 
tra('tions of the fingers, ankylotic big toes, exostoses. From the liter¬ 
ature it also appears that this is no exrej)tion. Several writers, 
however, mention ]>nmuscuously cases of hereditary abnormalities, 
i.(*. those occurring through several generations, family abnormalities, 
i.e. those occurring within a single generation, and incidental cases 
where a comlnnation of various luxations, exostoses etc. in a single 
person are described. Of (ourse it is iiu^orrect to put these cases on 
the same level. Sc hkodkk describes a family ol 10 brothers and sist¬ 
ers, 5 ot which shewed all manner of combinations of luxatio capituli, 
radii, synostcjsis between humerus and luxated radius, congenital 
sciatic luxation, subluxation of the shoulders, deformities of the 
auricle, and contraction of the little fingers. Without giving much 
thought to heredity Baveh and (hyrTK, give a fairly detailed survey 
of various combinations. Inirther see Firth, Lester, Most, and 
Pfeiffer. 

If we ask now how the anomalies did originally come about, it is ol 
course impossible to establish this with certainty, the ,,easiest” way 
out is to say that we are dealing with mutations. In practice it is 
indeed usual when dealing with dominant heretiitary abnormalities 
in man to assume mutation, and to drop the condition that in order 
for the assumption of mutation to be allowable it is necessary to 
start trom homozygotic material (cf. e.g. Sirks, c. p. 493, and Sirks, 
a). Tlie desirable crossbreedings of a large number of individuals and 
also back crosses are here of course impos.sible. E. Baur is very cau- 
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tious in deciding on a mutation: ^modification, combination or 
mutation is very hard to determine**. At the congress of the Inter¬ 
national Federation of eugenetic Organisations at The Hague in 1936 
(see Luxenburger, p. 118) the difterence in opinion concerning mu¬ 
tations in man clearly emerged. According to Sirks these can hardly 
be demonstrated. Cf. also Sirks, a : „in such a heterozygotic popu¬ 
lation as mankind mutation cannot be proved. ,,Hanhart, who 
examined the population in Swiss valleys for various hereditary ab¬ 
normalities opposes this view at great length. He states quite positi¬ 
vely: „if it is absolutely certain that one person first shows the ab¬ 
normality, the mutation is proved’*! Cf. also Hanhart, a, p. 304. 
M. VAN Herwerden and Naegeli (see Hanhart) take his side. 
K. H. Bauer (Handbuch, p. 114) also regularly uses the word ,,mu¬ 
tation”. In the case of recessive anomalies it is of course necessary to 
be more cautious still, and the ,,original mutation** may of course 
have occurred many generations earlier. Even in the case of weak 
(irregular) dominance, when often many generations can be passed 
over (Hanhart, b), one must be careful not to describe a person 
having the abnormality as „the first mutant*’. 

It will be well to say in this place that in the pedigree investigated 
by me it is impossible to say whether no. 1 is the first abnormal 
member: the family were unable to tell me anything about his parents. 

It is not at all peculiar that identical abnormalities should occur 
more than once at different times, in different families, this was 
already pointed out by Morgan in his investigations on Drosophila, 
though it is true that, generally speaking spontaneous mutations do 
not occur very often (Sirks, c, p. 346). For man, however, this occur¬ 
rence is nevertheless fairly generally accepted. As is the case with 
nearly all mutations we have to do with „mutation by loss” in the 
family here discussed, i.e, the abnormalities that occur are for the 
worse. It is clear from our pedigree that the hereditary transmission 
of the complex of anomalies whether complete or not-« not sex-linked 
and is irregularly dominant, though not to such a degree that generations 
are passed over in which none of the three anomalies occurs, but in the 
sense that the abnormalities appear in a greater or less degree: the expres¬ 
sivity is very unequal. If the three abnormalities are considered as due 
to a single polyphanous gene the expressivity may be considered as 
very divergent: some persons have all three anomalies, others have 



ANOMALIES OF BONES AND NAILS IN FIVE GENERATIONS 


17 


additional abnormalities of the little fingers, etc., an occasional 
person has only abnormalities of the elbows and nails, several have 
abnormalities of the knee and nails, some only dystrophy of the nails 
and that, moreover, to a varying degree. These partial expressivities 
are called „formes friistcs'* (Gates, p. 16). Waardenburg, c, p. 231, 
already calls a case ,,forme fruste*' where the distinguishing mark is 
very rudimentary. If the three abnormalities are considered indivi¬ 
dually, as being caused by 3 genes, we might speak of deficient pene¬ 
trance if one of the three abnormalities is occasionally absent (there 
is a predisposition, but the condition is not outwardly expressed). 

As has been said above a complete absence of penetrance for all 
anomalies does not occur in my pedigree. By this I mean to say that 
every individual that is in some way abnormal has a parent who is 
also abnormal, tliough this docs not always appear in E, K, and N. 
For a cause of the differences in different persons ,.modifying genes" 
are mentioned, and perhaps also outside circumstances (peristasis) 
an intensifying or repressive influence on the hereditary factor con¬ 
cerned. Here the same considerations hold as for complete recession 
of a characteristic in an individual. It is to be remembered that a 
normal individual who marries an abnormal partner and who is 
heterozygotic for various modifying genes that may change the 
effect on, say, a radiusluxation, in their issue, is a matter of impor¬ 
tance (cf. also Mohr and Wriedt, p. 13). One must be alive, however, 
to the possibility of an abnormality being present in a slight degree 
but going unnoticed, A moderate hypoplasia of the patella, for in¬ 
stance, may be overlooked unless skiagraphs be made of all, which 
was impossible, and even then a certain normal variability must be 
taken into account. 

We now come to the concrete question: are the abnormalities observed 
by me caused by a single polyphanous gene i) or by several genes that 
are strongly but not completely linked}^) 

0 A difference is sometimes made between ,.primary” and ,,secondary” 
polyphany. In the first case the various anomalies of the syndrome occur 
independently, in the second one abnormality, in the sense of physiological 
development, follows from the other or is closely related to it. If we assume 
polyphany for my family it would probably be necessary to assume a ,,pri¬ 
mary” polyphany of skeletal and ungual anomalies. 

2) It n^ay be that the persons who have not all the three anomalies, have 
,,lost” one or two anomalies by crossing over. Suppressing of the lacking 
Genetica XXV 2 
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That there is some connexion between the anomalies is clear enough, 
considering the rarity of the individual abnormalities and the occur¬ 
rence in many members of the family of all or sometimes two of the 
deformities together. As said before, in the literature we constantly 
meet with a conflict between supporters of a single polyphanous gene, 
causing all anomalies either directly or, in part, indirectly, and the 
champions of the linking of several genes. Before analysing the 
family examined by me I propose to discuss some general remarks 
from the literature on this point. Just, a, when within a family a 
number of abnormalities is distributed over the several members, 
any one member not having all abnormal characteristics, would prefer 
an exchange between more or less closely linked genes, though unwil¬ 
ling to reject polyphany in every case. In the family examined by me 
one is struck by the fact that, as said before, we are concerned with 
abnormalities of organs of mesodermal (mesenchymatic) and of 
ectodermal origin. It is plausible, however, as SiRKS, b, remarks, to 
expect polyphany especially in those cases where several organs are 
related in morphological-ontogenetic respect. Waardenburg, a, b, 
however, suppo.ses that there arc no genes for specified germ layers 
and mentions several cases, such as the osteogenesis imperfecta where 
the abnormalities are indeed mainly of a mesodermal character, yet 
are often attended with ectodermal phenonema. He gives strong 
warning against assuming a number of genes in human pathology. In 
connexion with the example given by W I wish to remark that, 
apart from the attendant ectodermal phenomena mentioned by him, 
the triad osteopsathyro.sis, blue sclerae, and otosclerosis, i.e. the 
mesodermal phenomena, arc assumed by most investigators as due 
to a polyphanous gene, even if several pedigrees are'known in which 
not all three organs arc affected. Supporters, in this case, of linked 
genes are not lacking, however, thus Holcomb, cited by Waarden¬ 
burg, a. Siemens does not appear, in general, to reject polyphan¬ 
ous factors influencing both mesoderm and ectoderm. There is 


abnormalities however, cannot be excluded. With a much greater number 
than 22 abnormal persons it would perhaps be possible to prove with cer¬ 
tainty cases of crossing over. With no. 31 we have to accept with certainty 
a suppressing of the elbow anomaly, having this man two children who show 
again all the three anomalies. 
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certainly no complete agreement on the matter yet (cf. e.g. van 
Gilse in SiRKS and Kastein, p. 268). 

Let us now first examine what the authors describing the triad 
radius luxation-patella luxation (or absence)-dystrophy of the nails 
think of it. Turner (see above), who examined 2 families where, 
however, neither the abnormalities of the patella nor those of the 
radius are very clear, but who generally uses the name ,,arthrodys- 
plasia'", while dystrophy of the nails is also present, „solves*' the 
matter in a rather peculiar way. In the first family, where 26 out of 
39 members had both anomalies, he assumes a single, mutated, 
polyphanous gene, in the second, where 27 members out of 41 had 
dystrophy of the nails, but only 9 also abnormal joints, 2 factors 
would play a role according to him. In neither of the two families did 
abnormalities of the joints appear by themselves, according to T. the 
factor for dystrophy of the nails would then have to be present in the 
second family in order that „arthrodysplasia’' may also occur. If 
both are present the individual would also have abnormal joints. It 
is indeed known that a gene for a certain characteristic can sometimes 
only assert itself when a gene for an entirely different characteristic 
is present. That, however, in the one case (the first family) two abnor¬ 
malities should be caused by a single, polyphanous gene and in the 
other (the second family) both abnormalities should be caused 
each by its ,,own'* gene, would seem rather far fetched. Turner, 
however, has more strings to his bow. According to him it would also 
be possible that both factors are present in every individual showing 
dystrophy of the nails, but that a third factor is present in those 
members who show only abnormalities of the nails, having a repressive 
influence on the factor for arthrodysplasia. Turner's big mistake 
is that he only considers h^s own families. It is, for instance, not in 
accordance with the literature that dystrophy of the nails should 
never occur in an individual from a „triadic family". 

Trauner and Rieger conclude from their investigation that 
abnormalities of the patella, radius and nails are inherited through a 
single hereditary factor („treten immer gemeinsam auf"). On reading, 
however, the descriptions of their probandi it appears that the three 
abnormalities do not always occur together, quite apart from what 
is found in the literature! Paula Hertwig who worked over Oster- 
reicher's family from a genetic point of view calls it improbable 
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that 2 different genes (for joints and for nails) happening to lie in the 
same chromosome should mutate together. An assumption of linking 
she calls improvable and ,,daher von geringer Wert”. She speaks of 
an ,,cntwicklungsbedingte Korrelation”, meaning a polyphanous 
action of one and tlie same gene which has mutated. In my opinion, 
however, P. H. does not prove polyphany either. That one and 
the same mutation can occur frequently is well known (see above), 
some, however, think it impossible that a series ot identical muta¬ 
tions should come about more than once in one and the same com¬ 
bination (Fischer, b). J. Bauer (cited by Aschner, b), however, 
gives it as his opinion that different genes are the more likely to 
mutate together as they lie nearer one another in the same chromo¬ 
some: one would then ,.infect” the other. In that ca.se it is plausible 
to presume that they lie in one chromosome. M(^ntant and Eggkr- 
MANN, whose investigation suffers from their having been unable to 
examine more than a few persons themselves (this, in fact, goes for 
very many statements in the literature!), pronounce for polyphany 
without further discussion. Firth, and Lester (few persons with 
abnormalities) mention polyphany, but are far from convincing. The 
other authors give no opinion. Aschner, a, b, who did not investigate 
herself, but who discusses the various families theoretically, supports 
linking between joint and nail genes. Linking makes acceptable the 
frequent going together of the abnormalities, and at the same time 
explains why the combination is often not present in its entirety, 
which makes a pleiotrope action of a .single gene less probable. The 
error of Trauner and Rieger in building a theory on only a single 
family is emphatically pointed out by her:” one should consider the 
entire literature, and in particular one should remember that many 
families have been described where only a single anomaly, or two, 
appear as hereditary”. Touraine, without, however, entering further 
upon it, also takes up the standpoint that in „onycharthrosis” we 
have to deal with linked factors. Gates, p. 455, after a short dis¬ 
cussion of the publications of Turner, Lester, Osterreicher and 
Senturia, says: „A single pleiotrope gene may be concerned, or 
perhaps two closely linked genes, one producing the ectodermal, the 
other the mesodermic defects”. On p. 456 he supports Aschner’s 
view: ,,it is probable that they are closely linked genes in one chro¬ 
mosome”. In the list of characteristics caused by linked genes (p. 83), 
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he also mentions: „camptodactyly-anonychia pollicis-absence of 
patella-luxation of head of radius'*. In the chapter of ^syndromes" 
(p. 765) the triad is not mentioned. 

If one wishes to assume a single polyphanous gene, this would have 
to be taken as a „gcne of general character" (Sirks, b, p. 78), which 
through various intermediary reaction would assert itself in various 
places of the body". In our case it would then influence both joints 
and nails. In the family where there is only question of a single (or 
of two) abnormalities the other two (one) abnormalities would in this 
case, where only a single gene in assumed, have to be entirely sup¬ 
pressed, whatever the cause (modifying genes etc.) may be. It should 
be remembered in this connexion what BREMER-with a slight v^ariant- 
says: ,,Mit Expressivitiit, Penetranz, und Polymeric kann man jeden 
Erbgang erklaren". If we assume 2 ,,principal genes"-one for skeletal 
and one for ungual abnormalities-, less" general" genes therefore, 
things would become clearer: during the development of these two 
kinds of abnormalities these would each again be influenced by various 
specific and non-specific modifiung subsidiary genes (cf. also Timo- 
FliEFF Kessovsky, Handhuch I, p. 69). The assumption of j genes, 
for elbows, knees and nails, however, where the degree of expressivity 
could of course be influenced in the same way, would in my opinion 
seem the most plausible explanation: thus one also takes in account 
the oKservations cited by me where in several families only abnor¬ 
malities occur of either the knee or the elbow, or tlie nails and the 
families with combination of elbows-knees and the families with 
knees-nails. The camptodactyly (although this also frequently occurs 
as an independent affection), the rigid big toes, etc. might perhaps be 
brought about through activation of genes near the ,,elbow gene" 
or the ,,knee gene". 

If now, once more, we make a systematical analysis of my pedigree 
it appears that out of 22 persons with abnormalities 
8 certainly have anomalies of nails, patella and radius, 

6 have abnormal nails, but abnormality of patella and (or), elbow 
is dubious (abnormality of the nails, of course, is easiest to sec!). 

3 have only abnormalities of the elbows and the nails (but all are 
deceased, and a slight h 5 q)oplasia of the patellae may of course 
have existed!). 

4 certainly have only abnormalities of the patellae and nails. 
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1 only has dystrophy of the nails (but deceased). 

It is striking that no member can be found with certainty who has 
only abnormalities of the joints (no. 25 is dubious), I mentioned this 
before. Traunek and Rieger were also struck by this: in their family 
there was but a single person with only luxation of the radius (and 
crooked little fingers), and Turner similarly remarks upon it. With 
other investigators, too, these cases are of great rarity. Rubin, for 
instance, had only a single person in his family who had no patellae 
but normal nails (it was a family where the radius was always normal). 
Anomaly of radius plus nails is dubious in my family. The rare occur¬ 
rence together of only these two abnormalities in families where all 
three occur also struck Trauner and Rieger. As said before I was 
unable to find a hereditary combination of only these two anomalies 
mentioned anywhere. 

If we assume separate genes, the conclusion could here be drawn 
that probably the genes for patella and for nails arc closer to one 
another in the chromosome than the „radius gene" is to either. 

As has been repeatedly remarked above the expressivity of each of 
the three anomalies is very different. Here the possibility can also be 
taken in account of a series of multiple alleles. For the patella, for 
instance, it would be possible, in so far as size is concerned, to assume 
a gene A causing a patella of normal size, AI causing a slight hypo¬ 
plasia, A2 causing a stronger hypoplasia, and so on to a gene An 
causing a total absence. This would then be attended by an ever 
increasing tendency towards luxation. For the radius it would thus be 
possible to assume a scries of alleles producing an ever greater luxa¬ 
tion with corresponding skeletal abnormalities. As far as the nails are 
concerned, here a gene C would give normal nails, a gene Cl would 
give a hemiatrophy of the thumbnails, while the following C genes 
would increasingly draw the other nails into the process. Cf. Fischer, 
a, Just, a, Sirks, c, p. 558, von Verschuer (cited by Nievergelt), 
Just, b, says: „Grundsatzlich kommt offenbar einem jeden Gen die 
Moglichkeit der Bildung von mehr als einem abweichenden allelen 
Zustand zu*’. This possibility must therefore be envisaged, it is, of 
course, absolutely incapable of proof. 

Finally a practical question, of eugenetic interest* 

It is well known that animals-and for man, too, this is probable- 
when they are homozygotic for an-often slight-abnormality, may be 
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greatly deformed. The hereditary factor for the anomaly is then 
recessively (sub) lethal. It is possible that a dominant gene is reces¬ 
sive for (sub) lethality. For man it is of course only possible „with 
certainty** to establish a swWethal factor, when after a certain- 
short-span of life the child dies. Cf. also Wright, cited by Sirks, 
b, p. 95: in the case of slight abnormality of the extremities in 
caviae this factor, in homozygotic circumstances, turns out to have 
a (sub) lethal character. Twiesselmann says emphatically that the 
dominant factor itself may be lethal in a homozygotic state and 
that the elimination of the offspring need not be caused by a 
lethal recessive factor, strongly linked to the dominant gene. For 
man the most telling example-though not completely proved !- 
is perhaps that of Mohr and Wriedt: two brachyphalangeal cousins 
had a totally deformed child which lived only a short while. In my 
opinion it is probably necessary to distinguish between heterozy- 
gotic relatives showing an abnormality, and individuals having indeed 
a similar type of anomaly, but unrelated. The abnormality may than 
be identical phaenotypically, but not genotypically (Timof6eff 
Ressovsky, Handb. I, p. 69). Different mutations of different genes 
may, quite independently, cause the appearance of phaenotypically 
strongly re.semblant, often almost wholly identical characteristics 
(T.R., p, 44). An investigation of Schlatter must perhaps also be 
viewed in this light. He describes a marriage of two syndactyle 
partners without harmful results. I myself was able to examine some 
extensive families of persons with clinodactyly of the little fingers 
(Wildervanck, b). Here there was a lateral, radial deviation of the 
distal phalanx of the little finger, attributable to radially diverging 
joint surfaces of the mesophalanx, combined with brachyphalangy 
of this. Two parents both clearly showing the phenomenon and 
entirely unrelated, had three clinodactyle, but otherwise normal 
children. A second couple, where husband and wife were moderately 
clinodactyle and also unrelated had five also moderately clinodactyle 
children without other attendant phenomena. A similar marriage 
(diverse abnormalities of the hands) is mentioned by Francillon i). 

q By the assumption, however, of different genes for such similar abnor¬ 
malities matters are made rather-and probably needlessly-intricate. A com¬ 
parison of similar abnormalities in different families would then also be no 
longer justified. 
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If, however, one has to deal with members of one family, all having 
the same, apparently slight, abnormality, it is to be recommended to 
discourage a marriage between them. From the description I have 
given of the members of the family examined by me it further appears 
that especially anomalies of the joints are apt to give trouble, particu¬ 
larly luxated patellae. This concerns the hcterozygotic state, homo¬ 
zygotes did not occur. For such offspring there is of course a great 
possibility of the abnormalities being more pronounced. To discourage 
people, however, from marrying a healthy partner is of course unjusti¬ 
fiable from a genetic point of view. 

SUMMARY 

A family of 53 members was examined, 22 of whom show the abnor - 
malities mentioned in the title in various combinations. The anatomy 
is fully discussed with the help of numerous skiagraphs. From this it 
appears that the degree of the abnormalities in the joints and nails is 
very variable. The abnormalities, which must probably be understood 
as a mutation, are irregularly dominant. Also on the strength of the 
literature it is attempted to make it plausible that the abnormalities 
are caused by several genes which are incompletely linked. The unde¬ 
sirability of relatives showing the anomalies intermarrying is point¬ 
ed out. 
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INTRODUCTION 


In his thesis, Van der Zwan (1) discusses as one of the ways of 
further investigation into the genesis of anencephaly and rhachi- 
schisis posterior and anterior the continued gathering of family data 
in order to be able to discover the course of heredity. In his book he 
produces a few data adding to them the cautious conclusion that for 
the assumption of a hereditary factor in each one of the six families 
studied an argument could be brought forward; this factor would be 
of a recessive nature, though a changing dominance would have to be 
assumed. Furthermore he gives as his opinion that in special cases 
its origin as caused by external conditions cannot be denied. In con¬ 
nection with this the results of the investigation by Van der Scheer 
(2) are quoted, who in the case of mongolic idiocy found “a strong 
preponderance of this trait in the later bom*', to be ascribed to the 
condition of the mucous membrane of the uterus at higher age, which 
would hinder a favourable implantation and consequently hamper the 
normal development of the child. 

The old dispute about the causes of congenital malformations 


— 29 



30 


A. POLMAN 


was a/ 2 :ain touched upon here, a dispute which in many cases will, no 
doubt, not lead to a solution, because mostly it is not a matter of 
or, but of and: both components, stock of genes and environment, 
will have to cooperate in establishing certain conditions, though the 
importance of each of them will often change. 

Mall (J) has occupied himself for many years with the study of 
the origin of human monstra; he arrived at the following conclusions, 
which, in his opinion, are beyond doubt: 

“1) the identity of pathological embryos and small monsters, that 
is many of them would have developed into real monsters, if 
they had not been aborted; 

2) that all of them are developed from normal ova due to external 
influences in man to a condition which I .shall term faulty im¬ 
plantation”. 

Among others he divides the external influences into those arising 
from the mother and mechanical ones. The implantation is of greatest 
importance; this point of view is supported by the fact that in case 
of tubar pregnancy the number of pathological embryos has increased 
considerably. 

Abortion would put an end to quite a number of embryos with se¬ 
rious congenital malformations. He is of opinion that in every thou¬ 
sand pregnancies one full-grown anencephalus occurs, but at the same 
time fifteen aborted anencephalic embryos. 

He distinguished two kinds of congenital malformations: 

a) ‘‘germinal'’: e.g. polydactyly, hare-lip; 

b) “exogenous”: e.g. spina bifida, anencephaly, cyclopia, club-foot. 

The large quantity of material at his disposal and the intensive 

study of it set great value to his opinions about the causes of«congenital 
malformations. 

It should be remembered, however, that during the 40 years since 
Mall's publications genetics has made great progress. 

A few years later his ever increasing quantity of material (4) brings 
him to the opinion that: “in all cases monsters are produced by extern¬ 
al influences acting upon the ovum; as, for instance, varnishing the 
shell of a hen's egg or changing its temperature, traumatic and me¬ 
chanical agencies, magnetic and electrical influences as well as by al¬ 
teration of the character of the surrounding gases, or by injection of 
poisons into the white of an egg”. 
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He is more firm in his statement, for '*it is perfectly clear that 
monsters are not due to germinal and hereditary causes, but are 
produced from normal embryos by influences which are to be sought 
in their environment**. 

It has been found that the central nervous system (C.N.S.) and the 
heart are the first to be affected and Mall ascribes the whole process 
to the disorganisation of cells and tissues ("dissociation**) of the 
young embryo. 

Harris (5) once again points out the phenomenon so frequently 
mentioned that the majority of human embryos show malformations 
in case of spontaneous abortion, particularly those in the first eight 
weeks of pregnancy. If these pathological embryos should not be 
removed by abortion and consequently the embryo should fully de¬ 
velop, a much greater number of monstra and other malformations 
would be born. Consequently there is, according to him, on this line 
of argument not a single reason for trying to stop a threatenjing 
abortion by means of therapeutic measures, because this would mean 
a prevention of the "process of cleaning up** of the uterus. Ectopical 
pregnancies in 95% would produce monstra; this is a strong argument 
against the "germinal theory** of the monstra. The primary causes 
would be: faulty implantation, incorrect development of the chorion, 
bad nutrition of the embryo, disea.se of the mucous membrane of the 
uterus. Further he points out the results of the experimental terato¬ 
logy; most forms of monstra might be produced artificially. In this 
respect he quotes the experiments by Spemann, Hertwig, Loeb and 
others, who by means of chemical and mechanical irritations effected 
an abnormal development of fertilized ova in animals. Morgan 
stated that spina bifida appeared, if frogs* eggs developed in a salt- 
solution of high concentration; this gave one day's delay in the gastru- 
lation, which caused the imperfect closure of the vertebrae. He does 
not deny the possibility that some anatomical deformities might be 
hereditary; in this respect only one in twenty deformities of the limbs 
could be a matter of a genetically tainted family. He ends with the re¬ 
mark that the "genesis of malformations is veiled in obscurity**. 

Also in this country our knowledge of the causes of malformations 
meets with a great deal of scepticism. 

Van den Broek and Van Dam (6) for instance give a description 
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of an all but full-grown monster with several deformations of the 
skull, the vertebral column, the intestines and the limbs; they speak 
about the teratological termination period, which comes very early for 
deformations of the vertebral column and the skull. '"Nothing can be 
said about the causal genesis no more than of any disturbance in 
development*’. 

In a great number of families with deformed children Murphy (7) 
found that generall}' these children were born after a longer interval 
than normal childien in the same families; a great number were born 
after an interval of more than 4 years. He does not state the cause, 
but, according to him, it might be that the parents had a period of 
"reproductive inefficiency**, in which mature germ-cells would be 
produced, not fit, however, for fertilization and consequently not re¬ 
sulting in pregnancy. This, however, should be considered as purely 
hypothetic. 

According to Murphy and Mazer (8) later birth-numbers would 
show a relatively greater group of mongolic idiots than the earlier 
ones (Pearson, Penrose, Ordahl). This finding is in accordance 
with the results of the researches by Van der Scheer. 

From their examination of a great number of deformed children 
it appeared that there is a greater tendency to embryonal deformation 
after the 4th child. 

They concede the restriction that this result is respective of the whole 
group and not of the different groups of malformations separately. 

Penrose, quoted in this article, has checked the influence of 
the father*s and of the mother*s age in cases of mongolism. He 
arrived at the p^o^dsional conclusion that mongolism would have 
to be ascribed to the mother's age rather than to the order of 
birth, though a strong correlation between the two factors cannot be 
denied. 

Among 884 families, in which children were born with congenital 
malformations, there were 40 in which brothers and sisters showed 
one or more malformations. 

This gave Murphy (9) reason to suppose that there is a familial 
tendency: 

"This high incidence ot the duplication of congenital malformations 
supports the theory that these malformations are more or less expres¬ 
sions of family-tendencies**; 
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and: 

“These findings lend support to the theory that congenital mal¬ 
formations are primarily the result of influences which affect the 
germ-cells prior to rather than after fertilization/* 

In an article by Murphy (10) in the same year an inventory is given 
of 275 children with congenital malformations. He obtained his hospital 
material by checking during a 5 years* period all the still-bom and 
the deceased and by studying out of this group the deceased more 
closely who had a macroscopic congenital deformation, or had 
shown a similar deformation during an operation or a necropsy. 


Among the 275 cases found there were 
199 defects of the C.N.S. viz.: hydrocephaly and spina bifida . 131 

anencephaly. 43 

monstra of no description ... 11 

cranio-rhachischisis. 9 

mongolism, cretinism, micro¬ 
cephaly . 5 

35 gastro-intestinal defects: pylorusstenosis. 20 

intest, defects. 7 

oesophagical defects. 4 

anal defects. 4 

41 defects of other organs: hare-lip and cleft palate .... 11 

deformities of the limbs .... 7 

gastroschisis. 7 

defects of the urine-ducts ... 5 

hemiae. 4 

defects of the heart. 1 

miscellaneous. 6 


The great majority were consequently formed by defects of the C.N.S. 

Starting from this material he arrives at the provisional conclusion 
that in 12.4% of the families at least two children with congenital 
defects of this kind had been bom. 

A second deformed child in families showing already one deformed, 
was bom in one out of 8.9 births; the average of the population as a 
whole for a deformed child being one out of 213 births. Consequently 
these families show a much greater tendency of repetition, if they al¬ 
ready have one deformed child. 

Numerous statistical examinations of congenital deformities show 
Genetica XXV 3 
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the mistake of comprising these defomiities in one group. This may 
seem justified by the fact that a number of malformations occur 
with the same person and in certain families in combination or se¬ 
parately. If genetic influences are active, this is evident on tlie as¬ 
sumption of polypheny and expressivity. On the other hand there is 
the risk of grouping together deformities without any possible causal- 
genetic relation. All this results in a variegated picture, whose com¬ 
ponent parts are not to be distinguished for the present, because 
this also is risky, since malformations of a caiisalgenetic similarity 
may be classified in various groups. 

Of 6750 hospital cases of still-born children 8®/', had their death- 
cause stated as being congenital malformation; 4/s of these were de¬ 
formities of the C.N.S. (11). 

In 1946 Pknrose (12) gave a survey of some family data covering 
21 cases of ancncephaly (incl. 16 ¥), 79 of spina bifida and meningoce- 
lus and 44 of hydrocephaly (the last two groups comprising about an 
equal proportion of the sexes). All the anencephalic children had been 
still-born; he raises the question if the female sex forming the ma¬ 
jority of cases of ancncephaly might be due to the fact that relatively 
more male embryos end in abortion. He found ancncephaly and spina 
bifida in closer family-groups than hydrocephaly, but declares that 
others do not share his experience. He found the age of the mother 
at child-birth to have more influence on the malformation than the 
order of birth, while moreover there was an indication of the greatest 
risk for the first-born child. 

Book and Raynkk (34) found in recent studies of 68 cases of anen- 
cephaly among 104.812 deliveries, born during 1923-1945 at Lund and 
at Malmo no relationships between the parents. Furthermore they 
found that the age of the mothers at the birth of the anencephalic 
monsters correspond fairly well to the random distribution in Sweden. 
The same was the case with the birth-order of the anencephalics. At 
present they are inclined to believe that ancncephaly and spina bifida 
are only different manifestations of a simple recessive lethal gene. 

The British Medical Bulletin ig 46 -ig 47 (13) devotes an entire 
number to the congenital factors with illness and also to congenital 
malformations. 

In 1934-1938 there were in England and Wales in 1000 live-births 
30.86 still-born; of these 6.02 congenital malformations, making 
about 20% of the total number of still-born children. 
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In I939~19'*r3 the relation between the sexes of still-born children 
in Scotland showed an average for all causes of 1.22 male and 1 female 
child; fo^" congenital malformations this sex-ratio appeared to be 0.63. 

A specification of these malformations gave the following aspect 
with regard to the sex-ratio: 

anencephaly.0.38 in a total of 1180 

hydrocephaly. 1.11 ,, ,, ,, ,, 654 

multiple malformations.0.60 ,, ,, „ „ 351 

spina bifida.0.67 ,, „ „ ,, 236 

Though, according to Barnet Woolf, congenital malformations 
give little reason for optimism as to their prevention, yet the following 
points should be taken into consideration: 

1) the number of still-born children with congenital malformations 
is greater with women who have to do heavy work during the 
pregnancy; 

2) in Greater-London the number of still-born children with con¬ 
genital malformations is considerably smaller than anywhere 
else (better pre-natal and obstetrical aid?) 

3) the number of still-born children as a consequence of congenital 
malformations increases with the age of the mother. 

It would be difficult to explain this phenomenon, if it were not 
caused by intra-uterine factors: faulty implantation etc. 

He ends by obser\ung that “the problems briefly touched on here 
are surely worth a full-scale investigation". 

In the .sphere of congenital malformations Warkany(14) has 
given an extensive survey and has added a circumstantial literature- 
index to his publication in “Advances in Pediatrics". 

The genes contain the future-plan of the organism for whose 
growth, however, large quantities of matter have to be drawn out of 
the environment of these genes, he says. “Development consists of 
innumerable physico-chemical processes". Disturbances in the 
development may be caused, because the gene is no good, but also, 
if there is something in its en\dronment that hampers the normal de¬ 
velopment. If surrounding influences result in a deformity which 
resembles a hereditary deformity, it is a question of phenocopy. 

Furthermore he deals with the conceptions: expressivity and 
penetrance, which are common in genetic terminology and in which 
the extent of expressivity and a possibly reduced penetrance play 
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a part in the development of a deformity. "An important medical 
achievement therefore would be the discovery of factors that might 
modify expressivity or penetrance in man”. 

The morphogenesis is a chain of physico-chemical processes in 
which each link depends on the correct form and function of its pre¬ 
decessor; in this respect he points out the results of experimental 
embryology, which have taught us that there are certain parts in the 
developing embryo, which exercise a great regulating influence on the 
morphogenesis of other regions of the embryo. The.se "organizers” 
would exercise their influence by means of chemical substances, 
called "evocators”. 

"The actions of organizers and those of the endocrine glands which 
have a morphogenetic effect in late embryonic and post-natal life 
bear a definite resemblance”. 

It is to be proved that beside this activity of the genes, the food 
exercises an influence, not only as to the direct provision of the em¬ 
bryo with nourishment (which would for instance be insufficient in 
case of faulty implantation — ectopical pregnancy — and to which in 
case of rubella also congenital malformations are ascribed: degener¬ 
ation of the vascular system, among others of the art. hyaloidea, caus¬ 
ing degeneration of the lens), but also through certain deficiencies: 
vitamins, copper, iodine, in the food of the mother. With respect to 
the part of iodine Warkany says: "As a rule the mother of this type 
of cretins is goitrous, but since endemic cretinism is not found in all 
areas of endemic goitre, the data suggest that in addition to maternal 
iodine deficiency there are other etiological factors”. 

As a rule endemic cretinism occurs in mountainous districts but the 
valleys show more of these cases than the higher parts: "Isolation of 
the population is also an etiologic factor” and "whenever an affected 
area becomes engaged in active commerce with the outside world, the 
disorder seems to disappear”. 

Within the limits of deficiency the experiments of Warkany 
and Nelson on the riboflavine deficiency should be particularly 
mentioned. It is to be admitted that the differentiation of the or¬ 
gans requires a higher quantity of riboflavine than the growth of 
the embryo. 

Furthermore chemical factors influence the correct organogenesis; 
Warkany points to experiences in South-Dakota, where selenium 
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appeared to cause a great number of still-bom and deformed chickens 
on poultry-farms. He partly ascribes the toxical activity of chemical 
substances to their influence on the “organizers”. 

Though little is known as yet of the chemical structure of the 
substances excreted by the “organizers” particularly with mammals 
and man, Warkany comes to the following opinion ; 

“The teratogenic effects of an abnormal primary organizer are 
severe and probably lethal in most mammalian embryos. Pathologic 
secondary and tertiary organizers or their evocators may be at the 
root of many of the known malformations in mammals, including man” 

Moreover Warkany points out the influence on the development of 
the endocrine factors; in connection with this he mentions the origin 
of inter-sexes and besides other things he points to the influence of 
insulin: diabetical mothers would produce a relatively greater number 
of children with congenital malformations than normal mothers. 
The number, however, is small (viz. 171). 

Rays influence the cell-division. They can delay it which may ex¬ 
plain the origin of spina bifida in frogs after X-raying. There are 
moreover a number of experiences with children, whose mothers had 
been X-rayed during the first 3 months of the pregnancy and who show¬ 
ed congenital deformities, e.g. micro-cephaly. 

Infectious moments in which the rubella plays an important part 
may cause deformities of the embryo, provided the activity happens 
during an early period of the development of the embryo (Gregg, 
1941) (31). The influence is thought to be exercised by damage caused 
to the embryonal vascular-system, though as yet certainty in this 
matter is lacking. 

Properly speaking, toxoplasmosis is more a pre-natal disease of 
the embryo. Finally, mechanical factors are pointed out by Warkany 
as possible moments in the development of congenital deformities. 
This might perhaps partly include the ectopical pregnancy. However, 
Warkany is not sure of this mechanical influence: “True malforma¬ 
tions such as spina bifida, encephalocele, anencephaly and split ver¬ 
tebrae, which are occasional found in ectopic ova, originate in the early 
months of gestation, when spatial impairment can hardly obtain. Such 
malformations are probably the result of faulty implantation of the 
ovus and disturbed nutrition of the embryo during the organo-genetic 
period.” 
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Warkany gives examples of three groups of mice with cleft palates, 
all by different causes, viz. genetical, riboflavine deficiency and 
X-raying on the 15th day of the pregnancy. 

According to Warkany there is a border-area within the limits of 
which every noxe is active; if the influence is too great, the embryo 
dies. This might for instance happen in the case of measles, in contrast 
with the more ‘‘harmless” rubella-virus, which cannot kill the em¬ 
bryo, but can damage it. There is a similar explanation in the case of 
deficiency: omission of a single vitamin, e.g. riboflavine, from the 
food, gives a normal growth of the embryo but with congenital de¬ 
formities; a greater deficiency causes the death of the embryo: 
“starvation is apparently too blunt an instrument to induce malform¬ 
ations with regularity”. 

The writer comes to the opinion that it is of great importance for 
parents, doctors and all those who are concerned in the public health 
service to be able to distinguish between congenital malformations on 
one hand and phenocopies on the other. 

Natural rays, alcohol, nicotine, mercury, lead, phosphor, aniline, 
quinine, iodine, syphilis have been considered as causes of alterations 
in the genes, but proof of this is lacking. 

Warkany ends with the remark that some tens of years ago the 
question of the congenital malfonnations seemed to form an unsolva- 
ble problem for the preventive medical science. However, since our 
views on the origin of congenital malformations have broadened 
somewhat, perspectives have begun to open in the direction of 
prevention. 

I have given a detailed account of the publication of Warkany, 
because it gives a very circumstantial and many-sided dfscussion of 
the whole problem of congenital malformations. Without entering 
into details it may be said that the origin of congenital malformations 
resolves itself into the fact that in their widest meaning both the en- 
dogene (hereditary) as well as exogene factors may be thought to 
exercise influence. 

Investigations into congenital malfonnations as a consequence of 
rubella are very numerous the last few years. Bourquin (33) and 
Kamerbeek (31) discuss these deformities in their publications 
very extensively. Bourquin also mentions a few deformities of 
-children whose mothers, during their pregnancy were suffering 
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from another virus-disease e.g. measles, parotitis epidemica, varicella. 

Van Creveld (15f, who also gives many quotations from the 
treatise of Warkany, and his co-workers, comes to the conclusion that 
the possibility of a relation between the inefficient nutrition of the 
pregnant female and the appearance of congenital malformations in 
the offsf)ring has to be taken into consideration, also regarding man'\ 

After giving a classification of the causes of abnormal development, 
in which he distinguishes between genetic influences and those 
directly afiecting the phaenotyfie, (tRuenwald (32) discusses several 
results of this abnormal development. 

An investigation into goitre by Pasma (16) in S.E. Friesland has shown 
that in the ,,goitrous’* municipality of Ooststellingwerf the number 
of still-born children, the number of cases with congenital deformities 
and of pre-maturc birth, together with the number of cases with con¬ 
genital malformations causing the child’s death was twice as large as 
in the neighbouring municipality of Lemsterland with few cases of 
goitre. The same phenomenon was observed by Eggenbergcr when 
comparing the period before and after the iodine-prophylaxis. Eggcn- 
berger is of opinion that it is caused by a temporal hypothyreosis of 
the mother during the pregnancy. Pasma also accepts this explanation 
for conditions in the goitrous municipality of Ooststellingwerf. 

Heredity of a deficient endocrine function might explain the re¬ 
lation between the iodine-deficiency on one hand and the apparent 
accumulation of cases with congenital malformations on the other, 
according to Pasma (17), although the heredity of this deficient 
function has yet to be proved. 

I)e Groot (18) concludes from his and others’ experiences respec¬ 
tive the congenital malformations in children born in and after the 
last months of the war: ’’the increase of the number of congenital 
malformations”; he describes some peculiar cases of congenital mal¬ 
formations in families. 

At the same time a shorter duration of the pregnancies was found, 
consequently an increase of the number of untimely and premature 
births. Both phenomena are, according to de Groot, ’’not only to 
be ascribed to the unfavourable physical condition of the mother, 
but also to the strong psychical impressions, which exercised their 
influences on the mothers, especially during the last year of the 
occupation”. 
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In a statistical investigation 

special prevalence of monstruosity and other delormiues it iias, among 
other things, been found that during the period 1901-1944 the pro¬ 
vinces of Groningen, Friesland, Drenthe, uvciij^bci, uciuciiaiiu <iiiJ 
N.-Brabant regularly rose above the average of the whole of the 
Netherlands. Great attention should be paid in this case to Drenthe, 
because in this province there are a relatively large number of con¬ 
genital malformations showing a hereditary character. 

After the division of the said provinces into smaller districts ac¬ 
cording to the directives of the Central Office for Statistics a closer 
examination (20) brought to light that in the ‘'unfavourable'' provinces 
there was no question of an equal distribution of the number of 
malformed stillborn children, but that there were regions with a high 
frequency. The fact that these regions generally correspond with 
districts with a stationary stay-at-home population gave rise to the 
supposition that hereditary influences are not without significance. 
On the other hand it must be stated that some of these districts in 
general correspond with areas, where for some years past a high 
percentage of children with too large thyroid glands have been found. 
I shall return to this subject later on. 

The following provisional results are given in a report about ex¬ 
periments with rats (21): every fortnight 100 female rats and 25 male 
ones regularly got an injection of 1 cc trypanblue. 697 young were 
bom, of which 19.2% showed macroscopic deformities in the following 
order of frequency: hydrocephaly, spina bifida, taildefects, eye and 
eardefects, meningocele, cranioschisis, umbilical herniae, cleft palate 
and harelip, clubfoot, luxation of haunch, shoulder, knee, absence of a 
limb, skulldefects and analstenosis. The time of the injection Appeared 
to be of importance; female rats treated on the 7th day before the 
conception and on the 7th day of the pregnancy got 80% abnormal 
young ones. The colouring-substance appeared to be affixed to the 
plasma-albumin of the mother. The investigators are of opinion that 
this is parallel to what happens to man in case of rubella during 
the first weeks of pregnancy. 

Both experiments and experiences unmistakably point to the pos¬ 
sibility that exogenic influences are active in the origin of congenital 
malformations in man. 

But also the voices of those who point out the significance of 



ANENC 


ti>A AND HYDROCEPHALY 


41 


heredity are rathei .*.*inerou oiip of congenital malformation 

is so complicated mat difference of opinion cannot fail to exist. It 
\/ould not be improbable that in due course it was found that the 
various factors in iiie groups will have to be accentuated in 

a widely different manner. 

According to Grebe (22) the percentage of still-born children as a 
consequence of congenital deformities differs greatly: from 0.5% to 
2.4%, at least in so far as the visible deformities are concerned. The 
material of the women's ward at Frankfort presented 26196 live-births 
and 809 still-births (464 m. and 345 f.). The percentage of still-born 
children with congenital malformations was 8.4% m. and 11.4% f.; 
among the still-bom anencephaly and spina bifida accounted for 
about 1/5 of the total. According to Schultze quoted by the writer, the 
cause of still-birth (as well as of abortion) is to be found in lethal 
factors, already present in the faulty disposition of the germ. 

Corner found that with pigs 28% of the fertilized ova die before 
birth and that 2% of the young are abnormal; the mucous membrane 
of the uterus had shown no defonnity, which brings Grosser to the 
opinion:'The cause does not lie in the implantation but in the ova 
themselves, when they perish". He is of opinion that 10% of the 
fertilized geimcells do not divide, 10% degenerate into vesicles, 10% 
develop pathologically and 70% end in normal birth. 

Also V 3 of the rat's ova would perish. 

(In his publication Mall also mentions a "useful effect" of about 
80%). 

Goldmaier *) found among 13920 births 36 monstra; 22 of these 
cases were carefully studied and in 9 cases a distinct hereditary influ¬ 
ence was proved. 

In 1939 Schade (23) gave a contribution to the heredity of an¬ 
encephaly; in it he quotes Lenz, who for anencephaly supposes re¬ 
cessive heredity with homozygotic lethal activity. Schade reproduces 
a pedigree of a family with 4 and one with 1 anencephalus. His con¬ 
clusions however still very cautious, are: 

1) It concerns a description of a familiar form of anencephaly. 

2) The cause of anencephaly might be found in a hereditary dispo¬ 
sition. 

3) In most cases the origin of amniotic malformation is improbable. 


*) Arch. £. klin. Chir. 1935. 
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In the ^‘Handbuch der Erbbiologie des Menschen” Bauer and Bode 
give information about spina bifida, which, according to them, occurs 
in its occult form in 12-15% of the grown-ups, in connection with the 
status dysraphicus. The scale of deformities of the vertebral column 
would run from the spina bifida occulta to the severest form: cranio- 
rhachiscliisis. Hammer is of opinion that spina bifida may be caused 
by heterozygosity, cranio-rhachischisis by homo-zygosity. 

In his investigations into spina bifida Von Verschuer has found 
the ratio concordant-discordant with mono-zygotic twins to be 
10 :8, with dizygotyc 9 : 12. This consequently points to a 
distinct influence of heredity, but the genes should have a great 
lability. 

The .splitting of the vertebral column is considered by many as a 
genetic unity, including the .spina bifida occulta. In ,,Erbpathologie” 
(1939) Demeler gives as his opinion: ,,These split format ions may be 
considered as to have originated .simultaneously, as all of them repre¬ 
sent highclass delayed malformations of a homogeneous system'’. 

There is, however, no unanimous opinion with respect to certain 
forms of spina bifida occulta; as a matter of fact there is no certainty 
as yet that all forms of open vertebral channel that can be proved by 
X-raying, are genetic-causal related to the forms commonly known 
as rhachischisis. MijsberCi (24) (25) has given his opinion about this 
matter. He arrives at the conclusion, after examining a great number 
of vertebrae of different races of man and animals that the split 
vertebral spine should be con.sidered as a progres.sive phenomenon of 
development and not as a check. He is of opinion that this progressive 
development may first of all be expected in a place, w^here there w’ould 
not be so much need of the protecting function with respect to the 
spinal chord, consequently in the caudal end of the vertebral column. 
Indeed, relatively speaking he often saw the 1st .sacral vertebra 
remain open, while Willis often found a split last lumbal vertebra. 

I thought I should mention this statement within the limits of 
this treati.se, because it might give an explanation of the relatively 
low frequency of rhachischisis in relation to the relatively high fre¬ 
quency of spina bifida occulta which can only be proved by X-raying 
(about lo/oo against 12%). 

Spanner (26) comes to the conclusion that the primary cause of the 
origin of an open vertebral channel is to be found in the non-closure 
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of the neural channel. He rejects Dareste's theory (closure prevented 
by amnion-activity). 

It is not in the least my intention to give an opinion about the 
formal genesis of congenital malformations and especially of split- 
formation of the vertebral column and the skull; that is a matter 
for embryologists. But it is of importance to reason out if certain 
group of congenital malformations could form a causally genetic unity, 
causing the alternate and spontaneous appearance of spina bifida by 
the side of meningocele and ancnccphaly in a group of relatives or a 
family, to be taken as expressions of the same clinical aspect in which 
variation might possibly have been caused by the fact that the same 
no.xe influences the normal development at very close moments. The 
moment, when the normal course of development is left, lies very 
early in the case of anencephaly ; He Vries (27) was of opinion that 
this harmful influence is already at work on an embryo of the length 
of no more than 3 mm. He comes to the opinion that for the develop¬ 
ment of anencejihaly endogene factors are decisive. 

In a recent study Gordon and Ingalls (28) come to the conclusion 
tliat with respect to tracing the cause of congenital anomalies 
cooperation of several specialists in medical science is needed: *The 
method of study is epidemiologic, but the clinic and genetic variables 
arc so numerous that the field can lie explored systematically only 
through cooperative effort with clinicians skilled in the several special¬ 
ties of medicine”. 

The stage of development of the embryo is decisive for the oc¬ 
currence of the anomaly. As for heredity the writers say the following. 

“Congenital physical traits when dominantly inherited offer little 
opportunity for confusion with acquired deformities, only because they 
occur in significant numbers within the family and its forebears. Re¬ 
cessive traits of man cannot, however, be differentiated by these 
criteria which are in essence epidemiologic — in the absence of a 
comprehensive family genealogy. Since the inherited anomaly is re¬ 
lated to chromo.somal patterns and the aetjuired anomaly to the stage 
of development at which it originated the possibility is evident that 
the two kinds of deformities might be separated on the basis of dif¬ 
ferent clinical patterns. To date such criteria for differentiation have 
not been established.” 
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DESCRIPTION OF OWN CASES AND CONCLUSION. 

An investigation into the causes of still-birth in the provinces of 
Groningen and Drenthe revealed the fact that the two provinces 
showed a distinct difference as regards the number of still-bom chil¬ 
dren ; the higher ratio of still-born children in the province of Drenthe 
is largely due to the more frequent occurrence of children with con¬ 
genital deformities. 

After these findings the investigation was extended over the whole 
country. It revealed the fact that the frequency in the provinces of 
Groningen, Friesland, Drenthe, Overijssel, Gelderland and N.-Brabant 
partly to a small extent, partly to a considerable extent are above the 
country-average for the death-cause: monstruosity and other con¬ 
genital malformations, Drenthe especially with the greatest number. 

Furthermore, a division of the first five provinces into smaller dis¬ 
tricts showed that the said death-cause was particularly confined to 
some of these. 

The provisional conclusion was that presumably hereditary in¬ 
fluences played a part, since a few of these districts were characterized 
by a certain degree of in-breeding. 

Seeing that a better insight in the etiology of congenital malfor¬ 
mations ought to be combined with the examination of the relations 
in the families, where these children occur, data on the ancestry of 
all cases have been collected from doctors and municipal corporations, 
on still-born children and those with premature deaths caused by a 
congenital malformation. 

This yielded very valuable data for which great gratitude should be 
expressed. But for the cooperation of doctors and municipmlities the 
investigation could not have taken place. 

Finally, several times the help of the Government-archives was 
called in; the data provided by them, particularly those bearing on the 
18th century have been of extremely great importance for the in¬ 
vestigation. 

The investigation was limited to cases showing an affection of the 
cranium or the vertebral column with resulting deviations of the 
central nervous system, viz. the cases of anencephaly, spina bifida, 
encephalocele, meningocele, hydrocephaly and similar ones. 

The starting-point of the investigation was a group of children, who 
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had died at birth or after a relatively short time and who had one of 
these malformations stated as their death>cause. 

These children were still-born or died in the provinces of Groningen 
and Drenthe in the years 1945, 1946 and 1947. This group is indicated 
as group A. 

At the same time the study was taken up of a group born during a 
longer period in a district consisting of two municipalities and charac¬ 
terized by a relatively high frequency of these malformations. 

This group, bom in a certain area of the district examined, is 
indicated as group B. As a matter of fact it will appear that there is 
a connection between the two groups. 

The total yield of group A contained the family-data concerning 
123 families; furthermore a group of 16 families (nos. 124-139) in 
which a sufficient opinion about the ancestors could not be obtained, 
because the traces led abroad or because of other difficulties; this last 
group exceptionally will be referred to. 

Of 30 families in group B satisfactory family-data could be traced. 
Moreover, a group of 12 with limited data has been added. 


Here follows a short description of the families: 

Group A, 

1) anencephaly, born 23-2-46, ^ 

mother’s age at birth of this child 30, number of child 4. 

Obs.: no abortion with relatives or in family, no congenital or other de¬ 
formities, no lues. 

2) anencephaly, born 12-6-46, $ 
mother’s age 33, no. 3. 

Obs.: In 1939 a monstrum was bom. 

Nothing is known of lues or other diseases. 

3) anencephaly, born 4-2-46, $ 
mother’s age 28, no. 4. 

Obs.: June 1949mother admitted in hospital, 6 mths pregnant. X-rayed, 
17-7-49 anencephalus born, no further congenital malformations in family, 
neither lues nor other diseases. 

4) anencephaly, bom 27-3-45, ^ 
mother’s age 37, no. 5. 

Parents* relationship: 6th degree. 

Obs.: no abortion in family, no relatives with congenital or other defor¬ 
mities; mother’s sister had a few abortions, no normal children, no lues in 
family or with relatives. 
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5) anencephaly, horn 21-4-56, $ 
mother’s age 26, no. 1. 

Ohs.: no congenital malformations, no relatives with lues or other diseases. 

6) anencephaly, born 13-10-47, ^ 
mother’s age 19, no. 1. 

Parents’ relationship: 4th degree. 

Ohs.. nothing is known of congenital malformations in family or with re- 
latn’cs, no spontaneous abortion. 

7) anencephaly with rhachischisis, born 7-2-45, ^ 
mother’s age 22, no. 1. 

Obs.. no more data to be obtained. 

8) anencephaly, born 24-3-45, ? 
mother’s age 36, no. 6. 

Obs.. earlier in this family a child born with spina bifida; no further re¬ 
marks, many cases of abcjrtion in this family. 

9) anencephaly, born 6-2-46, d* 
mother’s age 19, no. 1. 

10) anencephaly with rhachischisis, bom 4-3-46, 9 
mother’s age 25, no. 1. 

Obs • father's brother has clubfoot, no further relatives with deformities. 

11) spina bifida, born 23-11-45, f 2-12-45, 
mother’s age 37, no. 5. 

Parents’ relationship 4th degree. 

Obs.- 1935 child with spina bifida and hydrocephaly, 1936 abortion, 2J 
inths, 1949 abortion, 7 wks in hospital; no lues or other dist‘ases. 

12) spina bifida, born 1-2-45, J 
mother’s age 21, no 1, 

Obs.: June 1946 normal child, no congenital malformations in family or 
with relatives, nothing known of lues or other diseases 

13) Spina bifida and meningocele, born 21-8-45, f 20-10-45, 
mother’s age 24, no 2. 

Parents’ relationship: 8th degree. 

Obs. m 1949 child with anencephaly; no abortion in family or with rela¬ 
tives; no lues. In family of father’s uncle one child with spina bifida and 
myelocele; other uncle with syringo myelitis. 

14) anencephaly, born 24-4-45, 9 
mother’s age 27, no. 1. 

Obs. after birth of this child another one with harelip and split palate. 
No abortion; Wife’s father diabetes, husband’s mother hypertension, as 
others of her relatives; no lues or other diseases. 

15) anencephaly, born 17-9-46, 9 
mother’s age 23, no. 1. 

Obs.: in 1947 spontaneous abortion, 2^ mths, May 1949 child born with 
hydrocephaly and spina bifida with perforatonum; nothing known of 
lues, epilepsy. 
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16) spina bifida and hydrocephaly, born 30-11-46, t 5-12-46, $ 
mother’s age 38, no. 4. 

Obs.: other children normal, 1942 abortion. Father's sister has child with 
spina bifida, father's uncle has child with hydrocephaly. Nothing known of 
further deformities. 

17) anencephaly, born 24-8.-46, ^ 
mother's age 40, no. 3. 

Obs.: nothing known of abortion; two years before another ancncephalus; 
No relatives with congenital deformaties, no lues. 

18) anencephaly and rhachischisis, born 22-7-47, $ 
mother's age 24, no. 3. 

Obs.: 1 abortion, no relatives with congenital or other deformities, no lues. 

19) anencephaly and spina bifida, 1>orn 10-5-46, c? 
mother's age 21, no. 1. 

Obs • after birth of this child two normal ones, one spontaneous abortion, 
husband's sister had spontaneous alKirtion in Aug. 1948, wife of husband’s 
brother had a spontaneous abortion in 1949, no further deformities. 

20) anencephaly and spina bifida, iKirn 2-12-46, $ 
mother's age 24, no. 3 

Obs.* 1943 aliortion, wife's father has clubfoot, no relatives with lues or 
other diseases. 

21) anencephaly and rhachischisis, born 8-11-45, 
mother’s age 21, no. 1. 

22) anencephaly. born 1945, 
mother’s age 24. no. 1. 

Obs, no abortion, no relatives uith congenital or other deformity, no lues; 
mother’s grandmother diabetes; frequent spontaneous abortion in the fa¬ 
milies of two brothers of wife's father. 

23) anencephaly. born 23-5-46, ^ 
mother’s age 30, no. 1. 

Parents’ relationship: 6th degree. 

Obs.: no abortion in family or with relatives; no lues, no relatives with 
congenital or other diseases. 

24) anencephaly, born 20-2-47, 9 
mother’s age 30, no. 2. 

Obs. • no abortion or other congenital deformities in family or with rela¬ 
tives; no lues. 

25) anencephaly, lx>rn 17-12-46, 9 
mother’s age 30, no. 2. 

Obs.: no abortion in family or with relatives. 

9 years before an ancncephalus born to mother’s sister, no relatives with 
congenital or other deformities, no lues. 

26) spina bifida, bom 5-3-46, d* 
mother’s age 22, no. 1. 

27) anencephaly, born 10-5-46, 9 
mother’s age 30, no. 4. 
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Obs.: except a few tuber culosis cases with mother's relatives no de¬ 
formities or diseases; no lues known. 

' 28) anencephaly, born 14-10-45, ? 
mother's age 20, no. 1. 

Parents' relationship: 6th degree. 

Obs.: Two half-brothers of father born blind and backward; no abortion, 
no lues ,no relatives with congenital or other deformities. 

29) spina bifida, bom 22-11-46, ? 
mother's age 32, no. 1. 

30) spina bifida, born 6-7-47, ? 
mother's age 22, no. 2. 

Parents' relationship: 8th degree, 

Obs.: 2 abortions; after the 1st spina bifida two more children with spina 
bifida; the last of them was full-grown and lived for 4 months, also had 
hydrocephaly just as the other ones; no lues; mother's parents had two 
or three times child with spina bifida and hydrocephaly; sister of mother's 
father had child with spina bifida 26 years before. 

31) anencephaly and spina bifida, bora 12-11-47, $ 
mother’s age 30. no. 6. 

Obs.: no further information could be obtained, because of attending 
doctor’s departure abroad. 

32) anencephaly, bom 23-2-46, $ 
mother’s age 34, no. 3. 

Obs.: 27-6-47 child born with meningocele, 
mother’s age, 35, no. 4. 

nothing known of relatives with congenital or other deformities; no 
abortion, no lues. 

33) anencephaly, born 27-2-46, 9 
mother’s age 20, no. 1. 

Obs.: no abortion, no congenital or other deformities in family or with rela¬ 
tives ; no lues. 

34) anencephaly, bora 11-6-45, $ 
mother's age 20, no. 1. 

Obs.: hydramnion, birth a little premature; after birth of thi^one two more 
normal children; no abortion; no congenital deformities in family or with 
relatives; no lues; in father's family tuber culosis. 

35) anencephaly, bom 16-9-45, 9 
mother’s age 19, no. 1. 

Obs.: mother unmarried. 

36) rhachischisis, bora 15-10-47, J 
mother’s age 26, no. 1. 

37) rhachischisis, born 28-5-46, f 18-6-48, cJ 
mother’s age 35, no. 9. 

38) spina bifida, bom 13-6-47, f 15-6-47, 9 
mother’s age 23, no. 1. 
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Obs.: 1 spontaneous abortion; no congenital or other deformities in family 
or with relatives; no lues. 

39) hydrocephaly, born 5-4-47, 
mother’s age 22, no. 1. 

Parents' relationship: 4th degree. 

Obs.: no further particulars. 

40) anencephaly born 6-2-46, ^ 
mother’s age 41, no. 8. 

Obs.: no abortion; no relatives with congenital or other deformities; no 
lues; in 1932 already another anencephalus born in the same family. 

41) anencephaly, born 15-2-47, $ 
mother’s age 42. no. 6. 

Obs.: no ab(3rtion; no congenital or other diseases in family or with rela¬ 
tives; no lues. 

42) anencephaly. born 28-6-45, ? 
mother’s age 31, no. 2. 

Obs.: before 1945 another anencephalus born in this family; after that 1 
abortion; nothing known of congenital or other deformities with relatives; 
no lues; as a child father suffered from severe orchitis. 

43) spina bifida, bom 22-7-46, t 8-8-46, 9 
mother’s age 27, no. 1. 

Obs.: no abortion; no congenital or other diseases with relatives; no lues. 

44) anencephaly, bom 20-10-47, 9 
mother's age 26, no. 1. 

Obs.: no abortion; no congenital or other deformitie.s in family or with 
relatives. 

45) spina bifida, born 26-3-46, 30-4-46, 9 
mother’s age 32, no. 4. 

Obs.: in 1940 birth of lifeless child without macroscopic deformities; 
1941 birth of girl, who died of kidney-carcinoma at the age of 4; brother 
of wife’s father operated upon for slight harelip; husband’s sister epilepsy; 
no relatives with lues, 

46) anencephaly, born 22-6-46, 9 
mother’s age 45, no. 4. 

47) anencephaly, born 6-1-46, 
mother’s age 19, no. 1. 

Obs.: no abortion; no relatives with congenital or other diseases; no lues. 

48) cranio-rhachischisis totalis, bom 28-6-47, sex ? 
mother’s age 40, no. 4. 

Obs.: no abortion; father severe diabetes; father’s sister abortion; nothing 
known of relatives with other deformities and diseases; no lues. 

49) rhachischisis, bom 19-4-46, t 6-6-46, 
mother’s age 35, no. 2. 

Obs.: no children bom after this one; no abortion; mother somewhat 
dysplastic; no other diseases; no lues. 
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50) anencephaly, bom 9-8-45, ? 
mother’s age 16, no. 1. 

Obs.: no abortion; two normal children bora after this anencephalus; 
no relatives with congenital or other deformities; no lues. 

51) anencephaly, bom 8-9-47, 
mother’s age 30, no. 1. 

Obs.; in 1949 another anencephalus; mother’s brother has a child with 
rhachischisis; nothing known of relatives with other deformities or disea¬ 
ses; no lues. 

52) spina bifida, bora 3-1-47, t 17-1-47, $ 
mother’s age 19, no. 1. 

53) spina bifida, born 25-9-46, ^ 
mother’s age 29, no. 6. 

54) anencephaly, born 2-1 -46, sex ? 
mother’s age 25, no. 3. 

Obs.: after birth of the anencephalus two normal children; no congenital 
or other deformities in family or with relatives. 

55) anencephaly, bora 2-3-45, $ 
mother’s age 20, no. 1. 

Obs.: no abortion; no relatives with congenital or other deformities; 
nothing known of lues. 

56) encephalocele, bora 21-1-45,^ 
mother’s age 26, no. 1. 

57) anencephaly, bora 17-12-47, $ 
mother’s age 34, no. 5. 

58) anencephaly, born 4-3-45, $ 
mother’s age 32, no. 1. 

59) spina bifida, bora 8-2-47, $ 
mother’s age 32, no. 6. 

Obs.: 1948 premature normal child; no abortion; no other diseases; no 
lues. 

60) spina bifida and myelocele, bora 17-5-47, t 2-6-47, (J 
Mother’s age 23, no. 2. 

Obs.: no abortion, normal child born on 12-2-49; no oth^ diseases or 
deformities with relatives; no lues. 

61) anencephaly, bora 9-1 -46, $ 
mother’s age 38, no. 1. 

Obs.: particulars not to be traced. 

62) spina bifida, born 23-3-47, t 6-4-47, 
mother’s age 32, no. 1. 

Obs.: 1948 normal child; no spontaneous abortion; no other diseases or 
deformities in family or with relatives; no lues. 

63) anencephaly, born 8-5-45, ? 
mother’s age 22, no. 1. 

Obs.: no abortion, nothing known of relatives with congenital or other 
deformities; no lues. 
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64) anencephaly bom 22-10-47, S 
mother’s age 27, no. 3. 

Obs.: no abortion; mother's half-brother has congenital kyphoscoliosis 
no relatives with congenital or other diseases; no lues. 

65) spina bifida, bom 28-3-46, ^ 
mother’s age 22, no. 3. 

66) spina bifida, bom 1-6-45, $ 
mother’s age 23, no. 1. 

Obs.: no abortion; no relatives with congenital or other deformities; no 
lues. 

67) anencephaly, bom 9-4-46, <J 
mother’s age 34, no. 2. 

Obs.: premature birth with spina bifida lumbalis; rudimentary limbs; 
no abortion, nothing known of relatives with congenital or other deformi¬ 
ties. 

68) anencephaly, bora 10-7-46, $ 
mother’s age 23, no. 1. 

Obs.: no more data to be obtained. 

69) anencephaly and spina bifida, bom 20-1-46, ^ 
mother’s age 21, no. 2. 

Obs.: no abortion; no congenital or other diseases in family or with re¬ 
latives; no lues. 

70) spina bifida and hydrocephaly, bom 16-10-47, f 18-10-47, (J 
mother’s age 26, no. 1. 

Obs.: no abortion; no relatives with congenital or other deformities; no 
lues. 

71) spina bifida, bom 16-7-46, f 23-1-47. 9 
mother's age 32, no. 2. 

Obs.: no abortion; no congenital or other diseases in family or with re¬ 
latives; no lues; child died of broncho-pneumonia. 

72) anencephaly, bora 17-4-46, ^ 
mother’s age 21, no. 1. 

73) anencephaly, born 20-4-45, S 
mother’s age 31, no. 2. 

Obs.: lived for a few days. 

74) anencephaly, bora 1-3-46, 9 
mother’s age 30, no. 1. 

75) spina bifida, bora 16-2-45, f 19-4-45, 9 
mother’s age 28, no. 5. 

Obs.: no abortion; no congenital or other deformities in family or with 
relatives. 

76) anencephaly, born 11-12-45, 9 
mother’s age 28, no. 4. 

Oba.: several abortions in this family. 

77) spina bifida, born 20-3-45,127-3-45, 9 
mother’s age 30, no. 3. 
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Obs.: spina bifida from Th3 — L3, clubfeet. 

78) anencephaly, born 8-4-47, cJ 
mother's age 28, no. 1. 

Obs.: after this one two normal children; no congenital deformities nor 
other diseases in family or with relatives; no lues. 

79) anencephaly, bom 29-5-46, <J 
mother's age 30. no. 3. 

Obs.: in 1948 another anencephalus; no abortion, no congenital or other 
deformities in family or with relatives; no lues. 

80) anencephaly, born 1-6-46, 9 
mother’s age 26. no. 1. 

Obs.: no congenital deformities; no diseases in family or with relatives; 
no lues. 

81) meningocele, bom 5-4-47, t 9-5-47, 9 
mother’s age 34, no. 8. 

Obs.: one 5mths’ premature birth in family; no congenital or other diseases 
in family or with relatives; no lues. 

82) spina bifida, born 5-10-47, 9 
mother’s age 19, no. 1. 

Obs.: mother unmarried; no abortion; no relatives with congenital or other 
deformities; mother had lues, mother’s father also, presumably caught it 
from his daughter. 

83) meningocele, born 16-7-45, f 27-7-45, cJ 
mother’s age 25, no. 1. 

84) anencephaly, bom 5-4-45, 
mother’s age 33, no. 3. 

Obs.: Parents’ relationship: 5th degree. 

85) anencephaly, born 25-10-47, 9 
mother’s age 22, no. 3. 

Obs.: June 1948 abortion 3 mths, June 1949 still-bora child with an¬ 
encephaly; mother’s sister in 1945 still-born child with severe hydro¬ 
cephaly; nothing known of relatives with other diseases or deformities; 
no lues. 

86) spina bifida, born 11-9-47, (J 
mother’s age 27, no. 2. 

Obs.: after this one no more children; no abortion; father’s sister debile ; 
no relatives with other deformities; no lues; father’s father potator. 

87) anencephaly bora 8-1-47, ^ 
mother’s age 25, no. 2. 

Obs.: 1948 a normal child; father’s sister idiot; no other deformities or 
diseases in family or with relatives; no lues. 

88) anencephaly, bora 27-8-45. 9 
mother’s age 20, no. 1. 

Obs.: July 1948 normal child; no abortion; father’s mother had abortion 
several times; no relatives with congenital or other deformities; no lues. 
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89) anencephaly, bom 5* 1*45. $ 
mother’s age 37. no. 5. 

Obs.: 2 abortions in this family; no further particulars; no lues. 

90) anencephaly, bora 5-4-46, 
mother’s age 21. no. 2. 

Obs. :no abortion; no congenital or other diseases in family or with 
relatives; no lues. 

91) anencephaly, bora 25-7-45, 
mother’s age 34, no. 8. 

Parents’ relationship: 5th degree. 

92) anencephaly, bom 19-1-45, 
mother’s age 42, no. 8. 

Obs.: no abortion, no congenital or other diseases in family or with re¬ 
latives ; no lues. 

93) meningo-encephalocele, bom 9-2-46, 9 
mother’s age 23, no. 1 . 

Obs.: no congenital or other deformities in family or with relatives; no 
abortion; no lues. 

94) anencephaly, bom 10-11-46, 9 
mother’s age 35, no. 3. 

Obs.: no abortion; no congenital or other diseases in family or with re¬ 
latives; no lues. 

95) anencephaly, born 10-11-46, 
mother’s age 38, no. 6. 

Obs.: child lived for a few hours. 

96) spina bifida and hydrocephaly, bora 22-5-46, 9 
mother's age 21, no. 1 . 

Obs.: no congenital or other deformities or diseases in family or with re¬ 
latives ; 

97) meningocele, bom 9-1-47, f 29-1-47, 
mother’s age 22, no. 1. 

Parents’ relationship: 6th degree. 

Obs.: child also had clubfeet. 

98) anencephaly and rhachischisis. born 20-12-46. 9 
mother’s age 36. no. 3. 

Parents' relationship 6th degree. 

Obs.: 13-4-1946 a normal child; 17-5-1941 abortion; no congenital or 
other deformities in family or with relatives; no lues. 

99) anencephaly, bora 27-10-47, 9 
mother’s age 24. no. 1. 

Parents* relationship 8th degree. 

Obs.: Common great-great-grandfather, different great-great-grand¬ 
mothers; 26-9-1948 normal chUd; no abortion; no congenital or other de¬ 
formities in family or with relatives; no lues. 

100) spina bifida, bora 26-1-45, sex? 
mother’s age 36. no. 3. 
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Obs.: no abortion in family or with relatives; mother was suffering from 
tuberculosis during pregnancy and died of it afterwards; no deformities 
known. 

101) anencephaly, born 8-7-45, S 
mother’s age 29, no 2. 

Obs.: in 1946 another child with spina bifida; in family of father's brother 
anencephalus bom in 1943; nothing known of further deformities; no lues. 

102) anencephaly, born 15-1-47, $ 
mother’s age 34, no. 2. 

Obs.: no abortion; on the father’s side many congenital deformities and 
monstra; no lues. 

103) myelocele, born 26-6-45, ^ 
mother’s age 32, no. 5. 

Obs.: no abortion; nothing known of relatives with congenital or other 
deformities; no lues. 

104) hydrocephaly, born 30-4-47, cj 
mother’s age 31, no. 1. 

Obs.: no abortion; no congenital or other diseases in family or with re¬ 
latives; mother’s sister diabetes; no lues. 

105) hydrocephaly born 21-3-47, J 
mother’s age 28, no. 2. 

Obs.: 3rd child has contraction of 3rd, 4th and 5th fingers on both hands; 
same with father to a slight extent; no abortion; nothing known of other 
congenital diseases in family or with relatives; no lues. 

106) hydrocephaly, bora 25-8-47, 
mother’s age 26, no. 1. 

Obs.: no abortion in family or with relatives; no congenital or other dis¬ 
eases; no lues. 

107) hydrocephaly, born 17-3-45, ? 
mother’s age 22, no. 2. 

Obs.: no abortion; no congenital or other diseases in family or with re¬ 
latives; no lues. 

108) hydrocephaly, born 22-1-47, cJ 
mother’s age 26, no. 2. 

Obs.: nothing to be said about abortion, congenital or other diseases m 
family or with relatives; no lues. 

109) hydrocephaly, bom 3-7-46, 
mother’s age 39, no. 5. 

Obs.: no particulars to be mentioned of family or relatives. 

110) hydrocephaly, born 10-4-46, ? 
mother’s age 34, no. 1. 

Obs.: no abortion; no congenital or other deformities in family or with 
relatives; no lues. 

111) hydrocephaly, born 14-12-46, f 6-2-47, g 
mother’s age 26, no. 1. 
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112) hydrocephaly, bom 21-11-46, f 17-2-47, 
mother’s age 21. no. 1. 

Obs.: nothing known of congenital deformities in family; no lues; hydro¬ 
cephaly increasing; with section hydronephrosis and hydrureter. 

113) hydrocephaly, bora 20-2-47, t 1-3-47, ? 
mother’s age 23. no. 1. 

Obs.: 21-8-1948 premature child; severe hydramnion; child died after 1 
day; polydactyly; no abortion; no lues; rhcsusantagonism. 

114) spina bifida and hydrocephaly, bora 12-9-44. f 23-2-45, $ 
mother’s age 22, no. 1. 

Obs.: no abortion; no congenital or other diseases in family; no lues. 

115) hydrocephaly, bora 25-6-46, $ 
mother’s age 25, no. 1. 

Obs.: no abortion; No congenital or other deformities in family or with re¬ 
latives; no lues. 

116) spina bifida and hydrocephaly, born 28-4-45, $ 
mother’s age 23, no. 3. 

Obs.: no abortion; parents’ mother debile; 1st child died after 12 days; 
strongly icteric. 

117) spina bifida and hydrocephaly, bora_f 28-7-45, $ 

mother’s age 21, no. 2. 

Parents’ relationship: 6th degree. 

Obs.: no abortion in family; mother’s sister imb^ile; mother’s mother e 
few abortions; child was operated upon, died of ever increasing hydro¬ 
cephaly ; no lues or other deformities in family or with relatives. 

118) meningocele and hydrocephaly, born 13-11-45, S 
mother’s age 23, no. 1. 

Obs.: no abortion; after this one other normal child; no congenital or 
other deformities with relatives; no lues. 

119) hydrocephaly, bora 13-7-46, $ 
mother’s age 40, no. 13. 

Obs.: in quick succession 13 children bora in this family; no congenital or 
other diseases; grandmother diabetes. 

120) hydrocephaly, presumably mono-zygotic twin, bora 28-7-46, ^ 
mother’s age 26, no. 1. 

Obs.: no abortion in family; no congenital or other diseases in family or 
with relatives; wife's sister 1 abortion; both children hydrocephaly. 

121) hydrocephaly, bora 17-10-45, 
mother’s age 28, no. 2. 

Parents’ relationship: 6th degree. 

Obs.: in Jan. 1947 a normal child; no abortion; mother’s sister 1 hydro¬ 
cephalic child; no congenital or other deformities in family or with re¬ 
latives; lues-reactions negative. 

122) hydrocephaly, bmm 25-9-46, $ 
mollier's age 34, no. 1. 
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Obs.: premature deformed child; no abortion, no relatives with congenital 
or other deformities: no lues. 

123) hydrocephaly, bom 2-1-47, t 18-2-47, S 
mother's age 20, no. 1. 

Obs.: in 1948 a normal child; no congenital or other deformities in family 
or with relatives: no lues. 

124) a. anencephaly, born 14-8-40, $ 

mother's age 22, no. 2. 
h. anencephaly, born 1-6-41, $ 
mother's age 23, no. 3. 

Obs.: abortion 1944; abortion, anencephaly 1945: abortion, anence¬ 
phaly born. 1945. 

125) anencephaly, bora 15-7-47, $ 
mother's age 39, no. 5. 

126) spina bifida, meningocele, born 11-8-45, f 27-1-46, $ 
mother’s age 32, no. 4. 

127) anencephaly. bora 3-2-45, $ 
mother’s age 38, no. 4. 

128) anencephaly, bora 24-6-45, ^ 
mother's age 39, no. 5. 

129) encephalo-meningocele, born 19-8-47, t 27-8-47, 9 
mother's age 30, no. 2. 

130) spine bifida bora 9-3-45, t 21-3-45, 9 
mother's age 30, no. 1. 

131) spina bifida, bora 14-2-46, f 22-2-46, ^ 
mother’s age 29, no. 1. 

132) anencephaly and spina bifida, bora 4-1-46, 9 
mother’s age 34, no. 4. 

133) spina bifida, born 24-2-45, t 12-4-45, ^ 
mother's age 33, no. 7. 

134) spina bifida, bora 17-2-47, f 19-4-47, 9 
mother’s age 30, no. 1. 

135) spina bifida and myelocele, bora 21-3-47, f 26-4-47, 
mother's age 25, no. 1. 

136) anencephaly, born 22-12-45, 9 
mother's age 27, no. 1. 

137) spina bifida, born 12-1-47, f 15-5-47, <J 
mother’s age 28, no. 5. 

138) meningo-myelocele, bora 1-3-49, 9 
mother's age 36, no. 1. 

Obs.: parents had been married 14 yrs; no children; no abortion; normal 
pregnancy: further deformities- hernia funiculi; nothing known of relatives 
with congenital deformities; no lues. 

139) spina bifida and meningo-myelocele, born 29-3-49, 
mother’s age 27, no. 1. 
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Obs.; no abortion; no relatives known with congenital deformities; no 
lues; no infectious diseases during pregnancy. 

Group B 

1) anencephaly, born 15-8-43, sex unknown, 
mother's age 34, no. 2. 

Obs.: 1 abortion; father's sister has deformed child; no lues. 

2) a, hydrocephaly, born 14-12-31. sex unknown, 

mother’s age 22, no. 1. 
b. anencephaly, bom 16-1-33, sex unknown, 
mother's age 23, no. 2. 

Obs.: child also had harelip; no lues. 

3) a. encephalocele, born 14-10-39, sex unknown, 

mother's age 20, no. 1. 

b. spina bifida, bom 5-2-42, J 
mother’s age 22, no. 3. 

r. spina bifida and hydrocephaly, born 1-6-44, $ 
mother's age 24, no. 4. 

d. spina bifida and hydrocephaly, bom 9-10-45, 
mother’s age 26, no. 5. 

Obs.: in family of father’s parents two children died with congenital 
malformations: the father of family no. 4 is a cousin of the father of 
the children mentioned above; furthermore a child with spina bifida 
born in the family of a female cousin of the father; child b is still alive, 
is backward and uncleanly; no relatives with lues. 

4) anencephaly, born 1934, sex unknown, 
mother's age 26, no. 1. 

Obs.: no lues. See 3. 

5) anencephaly ,born 1941, sex unknown, 
mother’s age 33, no. 6. 

Obs.: mother narrow pelvis: a few otherwise normal children still-born with 
the aid of forceps; last child bom by means of sectio caesarea; mother 
debile; no lues. 

Parents' relationship: 6th degree. 

6) anencephaly, bora 1942, sex unknown, 
mother’s age 27, no. 1. 

Obs.: child's birth retarded; in the family of brother of mother's parents 
child with spina bifida; in the family of mother’s mother 3 children with 
spina bifida; a daughter in this family also had 3 children with spina bifida 
(no. A 30); no lues; nothing known of abortion. 

7) a. anencephaly, bom 1932, sex unknown, 

mother's age 29. no. 4. 

6. anencephaly, bom 1934, sex unknown, 
mother’s age 31, no. 5. 

c, anencephaly, bom 1935, sex unknown, 
mother's age 32, no. 6. 
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d. rhachischisis. bom 1938, sex unknown, 
mother’s age 35, no 8. 

Parents’ relationship 6th degree. 

Obs.: 4 miscarriages among 11 pregnancies. 

8) spina bifida, born 6-3-48, <J 
mother’s age 30, no. 3. 

Obs.: no lues; no abortion; relatives with congenital deformities; no lues. 

9) a. anencephaly, born 1923, sex unknown, 

mother’s age 22. no. 3. 

b. anencephaly, bom 1936, sex unknown, 
mother’s age 35, no. 12. 

c. anencephaly, bom 1937, sex unknown, 
mother’s age 36, no. 13. 

Obs.: 1 abortion; nothing known of nearest relatives with congenital 
deformities; no lues. 

10) anencephaly, born 1946, sex unknown, 
mother’s age 26, no. 2. 

Obs.: no abortion, no nearest relatives known with congenital or other 
diseases; no lues. 

11) a. anencephaly, born 1936. sex unknown, 

mother’s age 20, no. 2. 
h. anencephaly. born 1946, sex unknown, 
mother’s age 30, no. 4. 

Obs.: mother’s sister had anencephalic child (see no. 12); no more 
congenital or other deformities with nearest relatives; no abortion; 
no lues. 

12) anencephaly, born 1942, sex unknown, 
mother’s age 32, no. 1. 

Obs.: see 11; no abortion; no lues. 

13) a. hydrocephaly, born 1941, sex unknown, 

mother’s age 27, no. 3. 
h. anencephaly, born 1944, sex unknown, 
mother’s age 30, no. 5, 

Obs.: 2 more abortions; no nearest relatives known with congenital or 
other deformities; no lues. 

14) anencephaly, born 1948, sex unknown, 
mother’s age 30, no. 4. 

Obs.: first pregnancy ended in abortion; after birth of the anencephalus 
two more abortions; no nearest relatives with congenital or other deformi¬ 
ties; no lues. 

15) anencephaly, bom 12-4-33, sex unknown, 
mother’s age 31, no. 6. 

Obs.: the first children died very young: bronchitis, debilitas vitae, bron¬ 
cho-pneumonia ; no abortion; father is the brother of the mothers in nos. 
16 and 17; no lues. 
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16) spina bifida and hydrcKephaly, bom 18-7-36, 
mother's age 23, no. 1. 

Obs.: 1 abortion; see 15 and 17. 

17) anencephaly ? born 1933, sex unknown, 
mother's age 28, no. 1. 

Obs.: 1 abortion; sec 16 and 17; no lues. 

18) anencephaly, bom 1942, sex unknown, 
mother's age 30. no. 2. 

Obs.: 1 abortion; father’s brother has 4 children with clubfeet; mother's 
sister has had one child with spina bifida and one imbecile; another sister 
a child with cleft palate. 

19) rhachischisis and encephalocele, bom 1945, J 
mother's age 40, no. 4. 

Obs.: 1 abortion; child with harelip and hypospady, 6 fingers and very 
narrow eyeslits; 2 sisters of father have a child with harelip. 

20. a. spina bifida occulta, bom 1941, $ 
mother's age 24. no. 2. 
b. anencephaly. bom 1947, sex unknown, 
mother's age 30. no. 6. 

Obs.: child a. has been operated upon; however, has trophic dis¬ 
orders and is incontinent; no nearest relatives with congenital or other 
deformities; no lues. 

21) anencephaly, bom 1943, sex unknown, 
mother’s age 29. no. 3. 

Obs.: 1st child still-born prolapse of umbilical cord; no abortion; no 
nearest relatives with congenital or other deformities; no lues. 

22) a, anencephaly and spina bifida, bom 1924, sex unknown, 

mother's age 23, no. 3, 
b. anencephaly. born 1943, sex unknown, 
mother's age 42, no. 13. 

Obs.: 4th child soon died; congenital heartcomplaint; 7th child pre¬ 
mature still-birth; 11th child died after a few days; ictems gravis; 
mother's sister had a child with anencephaly. 

23) a. anencephaly, bom 1925, sex unknown, 

mother's age 30, no. 3. 
b. hydrocephaly, born 1938, sex unknown, 
mother's age 43, no. 9. 

Obs.: no abortion; no nearest relatives with congenital or other de¬ 
formities; no lues. 

24) a. anencephaly, born 1925, sex unknown. 

mother's age 28, no. 2. 
d. spina bifida, bom 1932, sex unknown, 
mother's age 35, no. 7. 

Obs.; 1 abortion; no lues; relatives with congenital deformities. 

25) spina bifida and hydrocephaly, bora 1925, $ 
mother's age 33, no. 1. 
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26) anencephaly, born 10-6-28, $ 
mother’s age 31, no. 3. 

Obs.: nothing known of relatives with congenital or other deformities; no 
abortion; no lues. 

27) spina bifida, born 20-5-32, ^ 
mother’s age 32, no. 2. 

Obs.: no abortion; no relatives with deformities; no lues. 

28) spina bifida, bom 2-4-36, $ 
mother’s age 23, no. 1. 

29) anencephaly, born 21-12-37, $ 
mother’s age 24. no. 1. 

30) anencephaly, bora 31-5-48, cJ 
motlier’s age 27, no. 1. 

Obs.: relatives of father’s side with many abnormal children: idiocy, de¬ 
formed limbs; no abortion; no lues. 

31) meningocele and hydrocephaly, bom 27-2-21, f ? cJ 
mother’s age 22, no. 1. 

32) anencephaly, born 22-3-22, 
mother’s age 43, no. 1. 

33) anencephaly, botn 12-4-32, ^ 
mother’s age 25, no. 3. 

34) rhachischisis, hydrocephaly, born 14-2-28, 9 
mother’s age 34, no. 4. 

35) spina bifida, born 18-1-34, ^ 
mother’s age 28, no. 4. 

36) anencephaly, born 15-10-35, 
mother’s age 36, no. 7. 

37) anencephaly, born 16-11-35, sex unknown 
mother’s age 19, no.l. 

38) anencephaly, bora 16-6-36, sex unknown 
mother’s age 32, no. 6. 

39) spina bifida, born 2-1-41, $ 
mother’s age 41, no. 11. 

40) anencephaly, born 29-9-41, 9 
mother’s age 26, no. 2. 

41) anencephaly, born 7-1-44, $ 
mother’s age 34, no. 7. 

42) anencephaly, born 18-3-44, 9 
mother’s age 31, no. 6. 

addit. (see fig. 8). The 4th child in this family was born a monster in 1948; 
it lived for three days; deformities: very thin cranium, narrow eyeslit, 
clubfeet, deformity of the heart, absence of one ear. 

If it should be supposed for the present that a hereditary disposition 
represented an important causal factor in the origin of anencephaly 
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etc., a recessive factor would first and ioremost have to be taken into 
consideration; the numbers found would have to give a decisive answer 
in this matter. To this end the method of Lenz has been used (29). 

This method is known to be used for correcting the too high per¬ 
centage that is found, because only those families have been studied 
that have shown congenital deformities, whereas the others in which 
that disposition exists, indeed, but has not led to homo-zygosity, are 
left out of consideration. For, to every one-child family in which the 
deformity occurs, there must be three where the disposition has not 
become manifest. Mutatis mutandis this also applies to families con¬ 
sisting of a greater number of children. 


Both groups have been given separately; of both groups those 
families with the most exhaustive information possible. 

A. (1 — 123). 


number of 
children in 
each family 

number of 

families 

total num¬ 
ber of 

children 

number of 

children 
with anen- 
cephaly etc. 

addition 

1 

6 

6 

6 

6 X 3.000 = 18.000 

2 

45 

90 

48 

45 X 2.571 =115.695 

3 

30 

90 

31 

30 X 2.189 = 65.670 

4 

19 

76 

25 

19 X 1.851 = 35.169 

5 

7 

35 

10 

7 X 1.556 = 10.892 

6 

7 

42 

8 

7 X 1.299 = 9.093 

7 

3 

21 

4 

3 X 1.079 = 3.237 

8 

1 

8 

2 

1 X 0.890 = 0.890 

9 

2 

18 

2 

2 X 0.731 = 1.462 

10 

2 

20 

2 

2 x 0.597 = 1.194 

11 

12 

13 

1 

13 

1 

1 X 0.3164 = 0.3164 


123 

419 

139 

261.6184 
= 262 


A “corrective item" of 262 must be added to the munber of 419 
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children; this makes 681; 139 have congenital deformities, conse¬ 
quently 20.4%. 


A correction of 34 must be applied to the number of 176 children; 
of group B the number to be used for the calculation will then 
be 210; the number of deformities is 45, consequently 21.4%. 

Both percentages very nearly approximate the percentage of 25 
that might be expected. Part of the difference finds its explanation 
in the fact that a number of cases of spontaneous abortion yield 
embryos that would have shown the deformities in question, if the 
pregnancy had ended to time or nearly to time; there is no saying 
with certainty, how many there were, since generally a histologic 
examination of these embryos has not been carried out. 

If the supposition mentioned above would be exact, the per¬ 
centages found represent a strong argument for the assumption 
of a monomere recessivity; for two factors the percentages found are 
far too high. 


B. (1—30). 


number of 

children in 
each family 

number of 

families 

total num¬ 
ber of 

children 

number of 

children 

with anen- 
cephaly etc. 

addition 


1 

1 

1 

1 

1 X 3.000 = 

3.000 

2 

1 

2 

1 

1 X 2.571 =.- 

2.571 

3 

4 

12 

4 

4 X 2.189 = 

8.756 

4 

4 

16 

4 

4 X 1.851 =. 

7.404 

5 

8 

40 

12 

8 X 1.556 = 

12.448 

6 

1 

6 

1 

1 X 1.299 = 

1.299 

7 

6 

42 

9 

6 X 1.079 = 

6.474 

8 






9 

1 

9 

2 

1 X 0.731 = 

0.731 

10 






11 

2 

22 


2 X 0.485 = 

0.970 

12 






13 

2 

26 

5 

2 X 0.3164 = 

0.6328 


30 

176 

45 

s=s 

34.2658 

34 
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Before passing on to the discussion of the data concerning the 
ancestors a single fact should be mentioned. 

For a few congenital deformities the mother's age (c.q. the birth- 
number of the child) has been considered an important causal factor 
(see introduction). From my investigations concerning anencephaly 
etc. it appears that this factor is of no value (see fig. 4). In no respect 
is it evident that there should be an influence that points in the di¬ 
rection mentioned-above; rather a priority of the lower birth-numbers 
and of the mothers' ages under 30. 

Without entering at length into the last factor I am of opinion 
that it would be expedient to mention some figures concerning the 
normal relation of the mothers' ages; the percentages were published 
in 1923 by Methorst (30) and are, without doubt, no longer fully 
applicable to the present times; as a matter of fact, the progressing 
decline in the number of births during the years after 1923 has caused 
a relative shift towards the younger ages of the mothers. 

Here follows a comparison of the percentages of the mothers* 
ages at childbirth of the average population and of the group examin¬ 
ed: 



normal , 
1923 

anenc., etc. 
(210 cases) 

up to 20 yrs. 

1.3% 

4.3% 

20-24 yrs. 

16.1% 

26.6% 

25-29 .. 

28.7% 

23.3% 

30-34 . 

26.3% 

29.-% 

35^9. 

18.7% 

11.-% 

40-44. 

8.-% 

5.2% 

45-49 . 

0.7% 

0.5% 


In this material a shift to the h^her age of the mother can not 
in the least be established. 

Another point to be mentioned is the sex-ratio of the children 
bom in the families examined. 

Considering that group A 1-139 lends itself best to this purpose, 
only this group will be taken into consideration. 

This group consists of a total or 474 children, whose sex is known 
in 449 cases. 
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The sex-ratio is 216 m. to 233 f. = 0.92; the group of 75 children 
with anencephaly and cranio-rhachischisis, whose sex is known, con¬ 
tains 26 m. and 49 f.; consequently the ratio is 0.53, a number cor¬ 
responding with the one described in the literature. The corresponding 
ratio for spina bifida and other deformities is 22 m. to 24 f. => 0.92; 
if only the anencephalic cases are left out of the group of 449, the result 
is a ratio of 190 m.: 184 f. = 1.03; this approaches the normal ratio 
1.04— 1.06. 

The ratios mentioned above might give rise to the conclusion that 
possibly the male embryos with anencephaly sooner end in abortion 
than the female ones; with spina bifida this does not seem to be the 
case to the same extent; in connection with the above-mentioned I 
refer to the observations respective this matter made by Penrose. 

However, I let this question drop, since an elaboration of these 
findings would pass the limits of the investigation. 

In this matter the part of the embryologist would be of very 
great importance. 

I just touch on another question, viz. if the relatively high number 
of spontaneous abortions in some families must be considered ac¬ 
cidental. In my opinion it might appear that in several cases an 
embryo was born with one of the deformities examined. 

This could be proved in a single case (124, see p. 43); the difficulty 
mostly arises from the fact that more than once the embryo has dis¬ 
appeared or is in such a condition that a histologic examination is no 
longer possible. 

To my mind this domain still offers the possibility of a fruitful re¬ 
search. 

Returning to the heredity-factor at the birth of children with 
congenital malformations as meant in the investigation, where the 
probability of monomere recessivity was pointed out, it is of im¬ 
portance to ascertain, if this supposition is supported by the result 
obtained by means of the family-data. 

At any rate there are two ways to show the probability that the 
parents of a deformed child might both be hetero-zygotic, and conse¬ 
quently would run the risk of getting another similar child. The first 
way is the proof that the two parents are related; the second the proof 
that both parents descend from ancestors whose posterity contains 
other deformed children. With reference to the given genealogicsd 
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tables it will be discussed to what extent both ways are to be found in 
the material. It should be observed that only those parts of the genea¬ 
logical tables that appeared to be of importance for the investigation, 
have been given; this improves the surveyability as well as saves 
space needed for the reproduction of the genealogical tables. 

As has been stated before, the material has been divided into two 
parts viz. a part with data concerning children born or deceased in 
the years 1945-1948, and a part bearing on children bom in two 
municipalities during a longer period of time; consequently the first 
group is determined by the time of birth, the second by the place. 
Naturally there are connections between the two groups. 

In the genealogical tables bearing on group A the number is given 
without the letter A; if a connection appeared to exist with group B, 
the group-letter is used. Reversely this is also the case with the 
discussion of the genealogical tables of group B. 


Group A 

Of this group of children examined as far as possible with regard to 
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the ancestors it can be stated that in 50 cases a certain “something" 
can be recorded of the probandi occurring in 123 families; this means 
that either the parents of the child (or children) are related, or that 



one and sometimes both parents descend from ancestors whose poste¬ 
rity also contains other children belonging to the group examined; 
it may be added that particularly in the latter cases the birth-places 


Birthnumber of the malformed child 
1 1 MM Y'Sl'ZII'ZlIIIiLX 21202011 
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of deformed children are mostly wide-spread all over the two pro¬ 
vinces; 41 cases belonging to group A are related to families in group 
A; 9 to families in group B. 

In order to obtain the greatest possible surveyability of the genea¬ 
logical tables, which take up a lot of space for that matter, only the 
deformed children have been indicated; the family-structure has been 
given in figs. 1-4. — Besides in a single case, when the family-anam- 
nese led to it, a child has been placed in another generation than the 
one examined. In no respect, however, do the last cases make any pre¬ 
tence to being exhaustive. 

These 41 families present a total of 15 cases of relationship between 
the parents, namely the nos.: 91, 117, 4, 99, 11, 6, 13, 23, 121, 98, 
97, 84 and 39 (recorded in the order in which the families have been 
given in the figs. 5-7); furthermore in the nos.: 28 and 30, recorded 
in the genealogical table B, fig. 8; specified according to the degree of 
relationship: 

3 in the 4th degree a) 11,6 and 39, 

2 „ „ 5th „ b) 91 and 84, 

7 „ „ 6th „ c) 117, 4, 23, 121, 98, 97 and 28 (see fig. 8), 

3 „ „ 8th „ d) 99, 13 and 30 (see fig. 8). 

The degree of relationship is determined as follows: 

The number of generations the two persons are removed from their 
common ancestors is established. These numbers are added and then 
represent the degree of relationship. Thus the relation: parent-child 
is of the first degree, brother sister of the 2nd, uncle-niece of the 3rd, 
cousin-cousin of the 4th, etc. 

The father of probandus 94 might have got a possibly deformed 
gene from great-grandparents whose posterity also contains prob. 91; 
the latter, however, has two chances of getting a deformed gene, for 
his parents are related in the 5th degree; there is, moreover, yet 
another chance of getting a similar gene through his mother's father, 
who descends from ancestors, whose posterity contains two more de¬ 
forme dembryos, viz. 77 and 118; this progenitor has been married twice. 

Probandus 117's parents are related in the 6th degree. His mother 
descends from a line of ancestors, in which the family found to be the 
oldest, has 4 daughters with deformed children among their off-spring 
(viz. 117, 15 and 4); the parents of probandus 4 are related in the 6th 
degree. 
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Fig. 6. 
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Of 99 it can be said that the parents are related in the 8th degree 
on the understanding that common descent has a bearing on a fore¬ 
father, who was married twice; probandi's parents descend from 
different ancestresses. 

Of probandi 11,6 and 13 it can be said that their parents are related. 

Probandi 101 and 102 have common great grand-parents, the 
common ancestor of probandi 25 and 95 is to be found in the pre¬ 
ceding generation. 

The cases 23, 121, 98, 97 and 84 show a relationship of the parents. 



Probandus 26 is related through both his parents to ancestors whose 
off-spring also contain children with congenital deformities viz. 
nos. 72 and 67. Nothing is to be found in this respect of either of 
the parents in these two cases. 

Probandi 103 and B 29, as well as 46 and 58 have common great- 
great-grandparents; the common descent of 76 and 107 starts one 
generation earlier. There is no information about any of the parents 
in all these cases. 

Probandus 7 descends from parents to whose off-spring also no. 9 
belongs. 
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On his father's side this child is related to a couple of ancestors of 
whom probandus 87 descends (in this line there is an unmarried 
mother). 

Among the off-spring of the great-grandparents on father's side 
of the last probandus there is no. 53; however, 53 also has a chance of 
getting a deformed gene in another way viz. through his mother's 
mother, for among the off-spring of her parents there is also no. 69. 

One of the great-grandparents of probandus 53 may have got the 
disposition through his mother, who is the daughter of a married 
couple among whose off-spring there are 3 more deformed children 
viz. the nos. 37, 90 and 80. The last child, too, might have got the 
disposition through his mother from a family whose off-spring 
contains 89. The last probandus can also be traced back to the couple 
whose off-spring contains no. 96. By another line probandus 86 is 
related to no. 88 through a common ancestor. 

The probandi 19 and 120 have common grandparents; the parents 
of probandus 39 are related in the 4th degree. 

From the discussion of these cases, which, indeed, have been gather¬ 
ed entirely at random out of a population of approx. 700.000 it clearly 
appears that the indications for a hereditary genesis of the deformities 
discussed are ot an extraordinary conclusiveness. The question 
whether a deformity alone is determinative in the chromosomic set 
is examined more closely in the last chapter, where conclusions and 
summary will be put down. 

No. 124 (see fig. 2) ought to be examined separately; it has not been 
possible to point out a relationship between the parents or a con¬ 
nection with other probandi by means of the family-data; the in¬ 
vestigations were hampered because these children were bom in a 
frontier-town, where a few of their ancestors were of German origin. 

In 1938 a daughter, who has been normal up till now, was bom in 
this family; in 1940 the second pregnancy resulted in the birth of a 
7 months' anencephalic female embryo with total rhachischisis; the 
next pregnancy ended in the same way. After 3 years the 4th pregnancy 
resulted in a 2 months' spontaneous abortion; the embryo has not been 
examined. After these tragical facts the 5th and the 6th pregnancies 
again resulted in a 8 weeks' abortion. In both cases a histological 
examination was made of the 2 cm embryo, which brought to light 
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that again both cases represented an anencephaly with total rha- 
chischisis. 

The anencephali born in this family have been entered in the 
survey, though they were not bom at the time of the investigation. 

During the closing of the investigation mention was made of a 
child with serious congenital deformities, indeed not belonging to 
the ones examined, but perhaps formal-genetically related to them. 
The family in question has been entered as addit in the survey of 
group B (fig. 8). 


The discussion of group B and particularly of those cases in which 
more or less satisfactory family-data could be obtained (nos. I up to 
30 incl.) requires a further explanation. 

The district, where the cases described come from, consists of an 
old peat-digging colony and an adjoining old Drenthe municipality 
with a population of mainly small-holders formerly strongly attached 
to the soil. A rather strong relationship appears to have existed 
among the families of the two municipalities in former centuries. In 
the first region there is a fairly considerable import from other 
parts, particularly from the municipalities in the Eastern part of 
Friesland. In the last century the population in parts of the latter 
municipality lived in very primitive circumstances and especially 
excessive drinking seems to have occurred frequently in these 
parts. 

This has stopped for some decennia past; during these decennia the 
deformed children have been bom in the families examined. I am of 
opinion that this observation should be put down here, since excessive 
alcoholism has been said to cause a posterity with congenital malfor¬ 
mations. In that case excessive alcoholism would have to manifest 
itself in an altered structure of the genes. As yet this is inadmissible; 
at least it has not been proved with certainty yet. 

A fact that should be mentioned is that recent investigations by 
school medical officers in this district have shown that the percentage 
of struma among the schoolchildren is very high and in some schools 
exceeds 50%. 

Afterwards this matter will be subjected to further discussion. 
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It appears that the drawing-up of the genealogical tables of the 
cases of anencephaly ranged under B finally results in a very intricate 
aspect. 

Of the 42 families in this group, of whom there were 30 with sa¬ 
tisfactory ancestral data, 24 appear to be related, because in each 
case two or more children with congenital malformations had com¬ 
mon ancestors. They are the nos.: ad. 8, 10, 14, 12, 11, 21, 20, 24, 6, 
22,26,23,5,7, 9, 13, 17, 16, 19, 18, 15, 36, 1 and 2 (recorded according 
to the order in fig. 8); moreover the nos.: 30, 29, 93, 127, 16, 32, 63, 
55 and 28 of group A were related to these families so that a total of 
33 out of the 42 families could be placed in one survey; furthermore, 
no. 29 is related to A 103 (fig. 6), and family 3 to 4 (fig. 8). 

Of the 30 families in group B, of whom satisfactory data could be 
obtained concerning their descent, two parents are related in the 6th 
degree viz. nos. 5 and 7. 

In fig. S there are two cases of relationship viz. nos. A 28 and A 30 
(6th and 8th degree respectively). This has already been mentioned in 
the discussion of group A. 

In many cases the ancestors of families in group B could be traced 
as far back as about 1750; this revealed that a number of anencephali 
etc. could be retraced to three couples of parents, indicated by P, Q 
and R in fig. 8; as for the group of relatives R (Ra and Rb resp.) it 
.should be mentioned that in all probability, verging on certainty the 
husband in Ra is a brother of the one in Rb; the same may be said 
of the wives in these families; certainty could not yet be obtained in 
this matter, but it may safely be supposed that either R or R' (or 
both) is (are) the common ancestor(s). 

The children with congenital malformations among the off-spring 
of family R are recorded in: ad., 8, 10, 12, 11, 20, 9 and 1, a total 
of 8; of the family Q the nos.: 14,21 (2 x), 22,7 and 1, a total of 5 and 
of family P nos.: 14,21,24, 13, 15 (2 x), A 16, A 32, A 63 and 1, a total 
of 9. 

If the numbers occurring in two or three of these series are left 
out, we may conclude that descendants of family R are the nos. 
ad.: 8, 10, 12, 11, 20 and 9, excluding the families P and Q; of 
family Q the numbers 22 and 7, excluding the families R and P, and 
finally of P the nos. 24, 13,15(2 x), A 16, A32, A63and 1. 

The question which family of the nos. 1, 14 and 21, who conse- 
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quently descend from more than one of the families indicated, would 
have to be the “culprit"', may be left undecided. In any case it has 
been shown that the probandi in groups of 7, 2 and 7 resp. descend 
from certain ancestors in the years about 1750. 

The investigation was seriously hampered by the fact that nothing 
or nearly nothing is known about similar congenital deformities in 
generations preceding the last. The conclusion that the families 
indicated by R, Q and P might be the bearers of the wrong disposition 
in part of the families recorded in fig. 8, will therefore always be a 
speculative one. 

The aspect of this chain of genealogical tables is in accordance 
with that described of group A; there is a great number of cases of 
several children from one family having in their posterity children 
with congenital deformities. 

Apart from the families R, Q and P mentioned before, these in¬ 
stances are amply represented in later generations; their greatest 
number is four (e.g. nos. 15, A 16, A 32, A 63); examples of a man or 
woman who married twice and in both marriages got children from 
whom children with congenital deformities descended, have also been 
indicated: A 30 and A 20, 6, A 29 and 23, A 55 and A 28. 

Both the study of the data of group A as well as of those of group B 
lead to the conclusion that the assumption of a hereditary factor in 
the origin of anencephaly, spina bifida etc. is obvious. In the first 
group this assumption is supported by the fact that it is possible 
with a group of children collected in three years and having malform¬ 
ations of a very low frequency, to establish such a great number of 
relationships with other families while the probandi are dispersed 
over a relatively vast area; in the second group, where the choice 
was made according to the birth-place, it is a striking fact that, besides 
the great number of relationships in the younger generations, some 
groups of probandi can be traced back to a limited number of families 
living about two centuries ago. 

Some of the cases belonging to group A and recorded in fig. 8 were 
not born in the municipalities, where group B finds its origin, but in 
quite another part of the province. 

Of one of the cases of spina bifida family-data were asked for, 
which led to the result that this family had to be entered in the 
whole; afterwards it appeared that the same combination of the pa- 
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rents* names occurred once more in the same municipality and that 
in the family originally indicated, no child with congenital malform¬ 
ations had been bom, but that this was the case in the second family. 
The original family was taken away out of the survey; however, it 
appeared to be possible to enter the second family in another place! 

The investigation was not bent on possible exogenous moments, 
but inquiries have been made about some acute and chronical in¬ 
fective diseases; with hardly any result, however, particularly not 
with regard to infection with German measles; lues obviously has no 
influence. 

The examination of group B might bring in the iodine-deficiency in 
the municipality concerned. To my mind it is only possible to deter¬ 
mine the influence of iodine-deficiency after an individual examina¬ 
tion of the families concerned, because, as an aetiologic moment, a 
high struma-index in a certain district can only have a directive mean¬ 
ing, so that an opinion cannot be given in this matter. In connection 
with the result of this investigation, which very strongly points to a 
hereditary genesis, it cannot be supposed as yet that these deficiencies 
could exercise another but a predisponent influence, unless it would be 
supposed that a deficient endocrine function (e.g. thyreoidea) was 
caused by an abnormal gene; the explanation of the malformations 
examined would in that case have to be found by a round-about way; 
as yet there is no need for it. 

The same observation could be made with respect to other de¬ 
ficiencies. 

In spite of this it would be of great importance to continue the in¬ 
vestigation into the influence of exogenous factors. 

It is not impossible that in due course exogenous factors would be 
found to be able to influence certain congenital malformations, but 
not the serious ones as described in this investigation. 

As yet the result of the investigation respective the mother's age 
and the child's birth-number does not point to an exogenous factor 
which might be formed by the inferiority of the mucous membrane of 
the uterus. In no case would this mean that this influence could not 
be present in the case of other congenital malformations, such as 
mongolic idiocy etc. 

To my mind the following observation is significant from a pre¬ 
ventive point of view. Inter-marriages appear to be frequent in 
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the group examined (17 in 181). It should be remembered that in 
most of these cases the relationship is of a higher degree than the 4th. 

These considerations lead to the conclusion that marriages between 
relatives descended from families containing children with the 
congenital malformations in question should be avoided, just as in the 
case of marriages of persons each belonging to similar non-related 
families. This, however, represents a great difficulty viz. that a still¬ 
born anencephalic child is generally soon forgotten, especially if the 
family consists of several healthy children; though it should be 
remembered that in some families fate may play a very tragic part at 
child-birth. The birth of a child with spina bifida that occasionally does 
not die, but in spite of the medical care devoted to it mostly has a 
tragic future as an invalid, is of great importance for the medical science. 

SUMMARY 

After the discussion of a number of publications concerning 
congenital deformities mention is made of two groups of families 
containing children with anencephaly, spina bifida, encephalocele and 
other deformities involving an abnormal development of the central 
nervous system and the surrounding supporting tissue; one group 
has been collected in accordance with the period of birth, the other 
with the birth-place; together the groups comprise 181 families. 

This investigation led to the following conclusions: 

1) there is a strong indication for the assumption of a hereditary 
disposition as a causal-genetic moment in the origin of the deformities; 
this factor has a recessive character. 

2) there has been no sign of a possible influence of exogenous mo¬ 
ments; however, the investigation in this respect was incomplete; 
though the arguments for monomere recessive heredity are very 
conclusive, the study of exogenous moments in order to complete the 
investigation would be very desirable. 

3) it is supposed that the result of an investigation as mentioned in 
2 with respect to congenital malformations might be that exogenous 
moments could exercise influence in case of certain deformities, but 
not of the serious ones as described in this treatise. 

4) on the ground of this investigation it may be supposed that 
inter-marriages promote the origin of the deformities mentioned. 
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Ober das familiare vorkommen und den erbgang 

DES PRAESENILEN UND SENILEN GLAUKOMS 
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Dr. P. J. Waardenburg, Arnhem 

{Eingegangen am 2 g. Oktober ig4g) 

I. VORBEMERKUNGEN 

In diesem Aufsatz mochte ich cine bedauerliche Lucke im Schrift- 
turn dadurch ausfiillen, dass ich liber meine personliche selektions- 
freie Erfahrungen beziiglich der Vererbung des Altersglaukoms be- 
richte, Dieser Gegenstand wurde noch kaum bearbeitet. Im von 
Vogt im Handbuch der Erbbiologie geschriebenen Kapitel iiber 
Altersmerkmale des Auges wird die Glaukomvererbung iiberhaupt 
nicht erwahnt. Wir wissen ziemlich viel von den gewohnlich rezes- 
siven Erbverhaltnissen beim Glaucoma infantile oder Hydrophthal- 
mus, sowie von dem im allgemeinen dominanten Erbgang beim Glau¬ 
coma juvenile, aber fiber die Frequenz und fiber die Art der erblichen 
Dbertragung des Altersglaukoms sind wir noch gar nicht genau unter- 
richtet. 

Viel Unkenntnis wird dadurch erklart, dass sich die verschiedenen 
Typen des primaren Glaukoms sowohl klinisch als nach dem Aus- 
bruchsalter sehr schwer abgrenzen lassen. Es gibt allerhand klinische 
tJbergange und in den Stammbaumen des sogenannten Glaucoma 
adolescentium s. juvenile stosst man fortw^hrend auf Falle, die nicht 
mehr zum Jugendglaukom gehoren, besonders in der Aszendenz der 
Probanden. Es ist seit von Graefe bekannt, dass man nicht selten 
bei der Glaukomvererbung auf eine Erscheinung stosst, die man An- 
tizipation oder Anteposition genannt hat und die enth3.lt, dass in 
jfingeren Generationen ein bestimmtes Erbmerkmal immer frfiher 
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auftritt und haufig auch emster verlauft. Als bekannte schlagende 
Beispiele dieser Art sind neben dem Glaukom noch die Dystrophia 
myotonica mit Katarakt, die Huntingtonsche Chorea und der Dia¬ 
betes angefiihrt. Es ist ersichtlich, dass eine wirklich bestehende An- 
tizipation, wenn sie beini Glaukom regelmassig vorkame, mitbringen 
wiirde, dass es eine gesonderte Vererbung des praesenilen und senilen 
Glaukoms nicht gibt, da jedes derartige Glaukom sich in den nach- 
sten Generationen in eine Form mit friiherem Ausbruchsalter ver- 
wandeln wiirde. 

So gibt es mindestens drei Fragen, von denen die erste diese ist, ob 
die Antizipation bei der Glaukomvererbung wirklich vorkommt und 
ob sie regelmassig zu tagc tritt, oder in welchem Ausmass. Gibt es 
auch Falle von Altersglaukom, sei es von Glaucoma simplex oder 
(xlaucoma inflammatorium, die sich klinisch getreu vererben un also 
wieder in folgenden Generationen Altersglaukome bleiben? 

Die zweite Frage ware dann darin gegeben, dass wir wissen mochten 
ob die urspriinglich von von Graefe geausserte Meinung richtig ist, 
dass in denjenigen Familien wo Glaukom vererbt wird, das klinische 
Bild bei alien befallenen Mitgliedern dasselbe ist. Es liegt auf der Hand, 
dass VON Graefe diese Meinung hegte, da ihm langere Zeit die Be- 
deutung des Glaucoma simplex verborgen blieb und er keine Verwandt- 
schaft zwischen der von ihm „Amaurosis mit Papillenexkavation” 
genannten Abweichung und dem Glaucoma inflammatorium annahm. 
So musste er wohl zu der Meinung gelangen, dass nur das Glaucoma 
inflammatorium, sei es in chronischer oder in akuter ^orm erblich 
sein konnte. 

Als sich nachher seine Ansicht besonders unter dem Einfluss von 
Bonders anderte und er wieder die klinische Verwancjtschaft zwd- 
schen Glaucoma simplex und Gl. inflammatorium erblickte, horen 
wir nicht, dass er seine Meinung auch in dem Sinne verwandelte, dass 
er nun annahm oder Beispiele aus eigener Erfahrung gab, dass in be- 
stimmten Geschlechtern oder Familien mehrere Glaukomtypen ne- 
beneinander vorkommen konnen. Auch Groenouw hat im Jahre 
1904 noch die Meinung geSussert, dass jede Glaukomfamilie ihren 
eigenen Typus besitze. 

Eine dritte Frage besch^ftigt sich mit dem Erbmodus und der Rolle 
der erblichen Veranlagung beim Primarglaukom iiberhaupt. 

Es kann gar nicht wundemehmen, dass Vererbung besonders in 
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denjenigen Fallen auffiel wo die Druckerhohung oder die Prodrome in 
ziemlich jungem Alter auftreten. Von derartigen Fallen kann man in 
giinstigen Umstanden jedenfalls zwei und zuweilen sogar drei Genera- 
tionen personlich kennen oder untersuchen. An solchen Fallen liest 
man den Vererbungsmodus sozusagen ab. Bei Altersmerkmalen 
geht das weitaus schwieriger. Es ist ein Gliick wenn man davon selber 
zwei Generationen beobachten kann. Ein beliebtes Mittel um die erb- 
liche Grundlage derartiger Merkmale festzustellen ist die Zwillings- 
forschung. Diese besagt aber nichts iiber den eventuellen Erbmodus. 

Es ist einigermassen befremdend, dass vom Glaukom, das an sich 
nicht eine so seltene Krankheit ist, so wenig Zwillingsfaile bekannt ge- 
worden sind. Personlich habe ich sie niemals beobachtet, da sie in 
meinem Patientenmaterial nicht vorgekommen sind, offenbar ebenso- 
wenig im Vogtschen Zwillingsmaterial. Im ganzen Schrifttum fand ich 
nur zwei einschlagige Falle von cineiigen Zwillingen. Aber schon diese 
wenigen Falle geben eine vorlaufige Antwort auf die oben formulierte 
zweite Frage. 

Zuerst der Fall KCrten (1934). Zwei 81-jahrige alte Herren leiden 
im Jahre 1926 beide an doppelseitigem Glaucoma simplex. Sie sind 
einander noch in vieler Hinsicht ahnlich. Sie besitzen einen Arcus 
senilis im unteren Teil der Homhaut, sind brachycephal, habe beide 
eine Glatze, Sommersprossen, Lentigines-besonders an den Handen-, 
eine teleangiektatische Wangenhaut, einen gleichen, nicht erhohten 
Blutdruck, einen gleichen Puls, einen Intentionstremor des rechten 
Vorderarmes, eine geringe Schwerhorigkeit, ein leichtes Emphysem 
mit Alterskyphose der Brustwirbelsaule. Sie hatten 1915 beide Sub- 
aziditat des Magensaftes und hatten speziell zwischen den 3.-6. De- 
zennien Magenbeschwerden, spater weniger. Sie haben eine Tenor- 
stimme, Wanderlust und gleiche Liebhabereien. Nur der eine, der 
etwas energischer war, war verheiratet. Im Zahnkaries gab es grosse 
Unterschiede. 

Spricht dieser Fall schon sehr zugunsten der Vererbungsmoglich- 
keit des Glaucoma simplex, so beweist der zweite Fall des Schrift- 
tums von Westerlund (1947), dass bei gleicher vererbter Anlage der 
Phanotypus modifizierbar ist unter Einfluss von Entwicklungs- 
umstanden sei es psychischer, sei es somatischer Art. Von zwei mann- 
licben E.Z. Briidem bekommt der Alteste im 56. Lebensjahr gelegent- 
lich Sehstorung (Verschleierung) auf dem linken Auge, die bis zu 
Genetica XXV 6 
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seinem Todesalter (72 Jahr) unter Pilokarpineintraufelung niemals 
wiederkehrte. Im rechten Auge konnte von Prof. Holm niemals 
Glaukom festgestellt werden. Das linke Gesichtsfeld zeigte ein Bogen* 
skotom und einen unteren nasalen Defekt. Die Papille war glauko- 
matos exkaviert. Diagnose Glaucoma simplex. Anderungen sind nicht 
aufgetreten. Der jungste Bruder bekommt schon im Alter von 42 
Jahren intermittierende Anfalle von Verdunkelung bei anstrengender 
Arbeit. In den nachsten Jahren wiederholtes Regenbogensehen mit 
Verschleierungen. Er wurde im Alter von 55 Jahren zum ersten Mai 
augenarztlich untersucht und wurde am linken Auge operiert, das 
bald darauf erblindete. Unter Pilocarpin erblindete das rechte Auge 
allmahlich. Bei der ersten Untersuchung war das linke Gesichtsfeld 
schon bis zum Zentrum verschwunden, das rechte noch normal. Die 
linke Papille war am Rande exkaviert, bei der rechten Papille war das 
noch ganz im Anfang. Diagnose: Glaucoma intermittens chronicum. In 
zweierlei Hinsicht boten die Bruder ein ^erschiedenes Bild: Es gab 
Einseitigkeit neben Doppelseitigkeit, und Gl. simplex neben Gl. in- 
termittens. 

II. EIGENE ERFAHRUNGEN. GRUPPE A MIT DOMINANTER UND WAHR- 
SCHEINLICH DOMINANTER VERERBUNG 

Nach dieser kurzen vorlaufigen Ausschweifung, die schon Tatsachen 
von prinzipieller Tragweite hervorbrachtc, mochte ich nun mein ei- 
genes Material besprechen. Ich habe mich schon im Jahre 1939 iiber 
diesen Gegenstand geaussert, beschrieb damals aber nur gewisse 
Grenzfalle zwischen jugendlichem und Altersglaukom, sowie zwischen 
kindlichem und jugendlichem Glaukom. Im ersten Stammbaum (lA), 
der 5 Befallene in 3 Generationen umfasst, war sowohl GL subakutum 
(Stammvater) als GL simplex ohne Prodromalerscheinungen (4 Per- 
sonen) vorhanden. Ob eine Antizipation vorlag war nicht teststellbar, 
da es unmoglich war den Zeitpunkt der ersten Anfangserscheinungen 
anzugeben. Der befallene Arzt {FzS) der 3. Generation schriebt mir 
neuerdings, dass er 4 Sohne hat, die augenblicklich 29, 28, 27 und 21 
Jahre alt sind, regelmassig augenarztlich kontrolliert werden und * 
noch nicht die geringsten Anfangserscheinungen haben, w^hrend er 
selbst dieselben schon im Alter von 27 Jahren aufwies. Eine deutliche 
Antizipation ist in den beiden Generationen mit Gl. simplex nicht vor- 
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handen< Hochstens konnte man sagen, dass der Anfang des Gl, sim¬ 
plex fruher liegt als der Ausbruch der subakuten Erscheinungen beim 
Grossvater. Aber wie lange vielleicht schon ein chronisch intermittie- 
rendes Glankom bei diesem vorhanden war, ist unbekannt. In dieser 
Sippe haben sich die subjektiven Beschwerden nach dem von Lohlein 
angegebenen Grenzalter von 35 Jahren zum ersten Mai geaussert. Die 
Anfangserscheinungen miissen aber fruher liegen und daher habe ich 
sie damals zu den IJbergangsfallen von jugendlichem zu Altersglaukom 
gerechnet. Erbmodus: autosomal-dominant. 

Dasselbe gilt vom zweiten von mir beschriebenen Fall (Fam. 2A) 
von Druckerhohung bei Vater und Tochter und vielleicht Grossmutter 
init Dysplasia mesodermalis camerae anterioris (beim Vater im 38. 
Lebensjahr subakute Glaukomanfalle). Erbmodus: wahrscheinlich au¬ 
tosomal-dominant. Interessanterweise hat eine konsanguine Ehe in 
einem Seitenzweig der Familie Anlass zu Blindheit und Imbezillitas 
gegeben und haben angeheiratete Eltem Kinder erhalten mit Bchr- 
scher komplizierter Optikusatrophie, die ich in ,,Das menschliche 
Auge und seine Erbanlagen’* S. 460 publizierte. Ich werde nun 
meine weiteren Erfahrungen iiber familiares Glaukom beschreiben 
und fahre fort mit den wahrscheinlich dominant vererbten Fallen. 


Familie 3 A. C’.J.H. Mann, 53 Jahre alt, hat bei der ersten Konsultationim 
Jahre 1938 schon beiderseits Glaucoma simplex mit typischen Kxkavationcn und 
konzentrischer Gesichtsfeldeinschrankung ohne dciitliche Skotome. S.O.D. >o/io f 
Kmm., T. 32 mm. O.S. -Vio i Kmm., T. 60 mm. Der Ih-ozess hat offenbar noch 
nicht sehr lange bestanden. rVodrome sind nicht in der Anamncse. 10 Sept. 1941, 
56 Jahre alt, nach stkndiger Benutzung von Pilokarpin, hat seine konzentrische 
Einschrankung etwas zugenomrnen und ist rechts ein schmales Skotom nach 
oben cntstanden. S.O.D. s/is r, mit Sph — 0.5 D Das linkc Auge ist amauro> 
tisch, exzentrisch. Beiderseits weite und tiefe randstindige Exkavation. Sah 
gelegentlich Farbringen mit dem linken Auge, das also in der letzten Zeit in- 
kompensicrt war, Beiderseits Ins blau, stroma-arm, Vorderkammer normale 
Tiefe. Auch mit Pilokarpin schwankt der Druck in den nkchsten Jahren links 
zwischen 40, 48 und 70 mm Hg ohne weitere Keizerscheinungen. Ende 1941 
Elliottrepanation O.D, Schmales peripheres Kolobom, gute Filtration. Druck 
bis heutc bleibend normalisiert. Linsen mit starker lamellkrer Zerkliiftung. 
1947 S.O.D. noch </io O.S. nasal hyperaemische Irisgefksse, temporal Vorder¬ 
kammer etwas fl&cher gewordcn. 

Die Familienverhaltnisse sind folgende: Der Patient Mt 3 Sohne 
und 4 Tdchter im Leben. Sie stehem im Alter von 37 bis 19 Jahren. 
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Ein Sohn ist jung gestorben. Sie sind alle frei von Augenbeschwerden. 
Der Patient hat noch 4 Schwester davon die Jiingste gestorben. Er ist 
selber der Jungste der Gcschwister, die alle augengesund sind. In 
Seitenzweigen der Familie sind keine nahercn Glaukomfalle bekannt. 
Sein Vatcr starb 65 Jahre alt ohne irgendwelche Augenbeschwerden 
gehabt zu haben. Er soil 3 normale Briider und 3 normale Schwestem 
gehabt haben. Die Mutter dagegen war die letzten 8 Jahre ihres 
Lebens nahezu und von ihrem 68-73 Jahr ganz crblindet (Glaukom?). 

Sie hatte 2 Schwestem und 1 Bruder, alle normal. 

Die Grossmutter miitterlicherseits war die letzten Lebcnsjahre 
ebenfalls erblindet. Da keine Kataraktvererbung in dieser Familie 
vorliegt, ist es am naheliegendsten zu denken, dass beide Frauen, die 
niemals einen Augenarzt zu Rate zogen,auch allmahlich durchGlaukom 
erblindeten, da die Augcn ausserlich normal ausgesehen haben sollen. 

Erbgang also wahrschcinlich dominant. 

Fam. 4 A. 25/2'20 Herr C.H. 43 J. alt. Klagt iibcr Verwaschensehen des 
linkcn Auges seit einigen Tagen. Status praesens: S.O.S. V* t. S.O.I). 5/3 f O.S. 
glaukomatose Exkavation, grosse Bjerrumskotome nach obcn und unten. 
Trcpanatio sclerae mit totalem .schmalem Iriskolobom. 15.3.’20 nach der Opera¬ 
tion S.O.S. mit Sph - - 0.5 26.2’24 Rechtes Auge nut IMIokarpiii noch voll- 

kommcn normal gebliebcn. S. »o/io Emm. Linkes Auge mit Sph — 0.25 */io. Endc 
1928 scchs Wochen lang Myopic von 1.75 D auf dem linken Auge, wahrschein- 
lich durch zuviel Flussigkcitsverlust durch die fistelndc Narbc. Nachher wieder 
S.O.S. »/io Emm. 

Diagnose; Glaucoma simplex O.S., kaum noch O.D. 

Xante des Vorigen. Frau Br., Schwester der Mutter, in der Blindcnanstalt 
Wolfheze wegen doppelseitigem Glaucoma absolutum aufgenommen. 59 J. alt. 
Viel an Kopf.schmerzen und Regenbogenfarbensehen gelitten. Vielleicht schon 
zwischen dem 30. und 40. Lebensjahr erkrankt. Linkcs Auge mit weiter Pupille, 
von einem Fachkollegen iridektoraicrt. — Die Sehscharfe war zuvor schon fast 
erloschen. Vor 4 Jahrcn war Lesen mit dem rechten Auge noch moglich gewesen. 
Diagnose: urspriinglich Glaucoma chronicum tniermtHens. Zwei Sschwestern 
wahrscheinlich glciches Augenleiden, darunter die Mutter des vorigen Patienten. 
Der Vatcr dieser Gcschwister, im Alter von 60 Jahren gestorben, sah die letzten 
10 Jahren ebenfalls schlecht, unter ahnUchen Symptomen (Glaukom?). Ihre 
Mutter hatte bis im Alter von 87 Jahren gute Augen. 

Erbgang wahrscheinlich autosomal-dominant. Phanotypus ver- 
schiedcn. 

Fam. 5 A. Frl. A. deG., 18.6.1936. 65 J. alt, wurde 1912auf dem rechten und 
1915 auf dem linke Auge von Professor Straub iridektomiert wegen akute Glau- 
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komanfdlle. Das linke Auge soil durch postopcratieve Blutung zugrunde gegangen 
sein. Vor 4 Jahren Basedowoperation. 

Status praesens: S.O.D. mit Spli. f 1.5 “/lo. Keine Exkavation der Papille; 
S.O.S. null, tiefe Papillenexkavation. O.D.S. breite Iridektomie. Ermudungsbe- 
schwerden. T O.D.S. 30 mm. 3.9.'36 Vermehrte Beschwerden; T.O.D. 33, T.O.S. 
38 mm nach Aufregung. 12.9.36 trotz Sedativa, Ruho und vermehrtes Pilo- 
karpineintraufeln T.O.D. 35 O.S. 39 mm 19.12. 1935 T.O.D. 30. O.S. 28 mm. 
Keine Skotome. Periphere leichte Gesichtsfeldcinschrankung. Trepanation ver- 
weigert (Christian scientiste). 

Die Mutter hat ehenfalls akutes Glaukom gehabt. Der Vater und der 
einzige Bruder (ein Pfarrer) sind normal. 8 Geschwister (4 Bruder und 
4 Schwester) der Mutter, darunter ein Arzt, so wic ihre Eltern (Vater 
ebenfalls Arzt) normal. Erbgang anscheinend dominant. Phanotypus 
gleich. 


Fam. 6 A. Fam. K. Von einem jetzt .schon Jahre lang verstorbenen Ehepaar 
(Fi3 und Ehemann) ist bekannt, dass der Mann augengesund. die Frau 14 
Jahre lang blind gcwesen ist. Sie starb im Alter von 65 Jahren. Die Diagnose von 
Prof. Snellkn Jr. Utrecht hat gelautet: beiderseits Glaucoma simplex, ein Auge 
Glaucoma ab.solutum, anderes Auge nahezu blind, verwahrlost, keine Rettung 
mehr mdghch. Sie war cine nervose Frau. Ihre Eltern waren nicht blutsverwandt, 

Der Mann stammt aus eincr augengesunden Familie. In der Sipp- 
.schaft der Frau kommcn mehrere Augcnleiden vor, es sind aber 
hauptsachlich Komplikationen einer hohcn Myopie. Es ist mir nicht 
moglich gewesen weitcre Glaukomfalle in ihrer Familie zu entdecken. 
Der Vater der Frau starb 90 Jahre alt und die Mutter 89 Jahre alt. 
Sie sind ungefahr 60 Jahre lang verheiratet gewesen und hatten keine 
Sehbeschwerden. Die Frau hatte 6 Geschwister (4 Schwester und 
2 Bruder), die alle gute Augen gehabt haben sollen. 

Das zuerst genannte Ehepaar, das nicht blutverwandt ist, erhielt 
8 Kinder, von denen 3 ebenfalls an Glaukom leiden. Es sind der Rei- 
henfolge nach die Folgenden: 

F 23 Eine kiirzlich verstorbene Schwester, die stets augengesund war 
F 24 Eine jung gestorbene Schwester, 

F 25 Ein Sohn, Hausmaler, der mich 1936 zum ersten Mai, 61 Jahre alt kon* 
sultierte. Er hatte erweiterte Pupillen und tiefe glaukomatdse Exkavationen 
mit starken Paralaxen. Das linke Auge war schon erblindot ohne dass er 
davon irgend etwas gespiirt hatte. Er hatte keine Prodromalerscheinungen 
gehabt, er sah nur weniger scharf in der Iczten Zeit. T.O.S. 62 O.S. 65 mm. 
Hg. S.O.D. ^/lo Hm 0,5 «/io. Konzentrische Gesichtsfeldeinschr^nkung 
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O.D. mit Durchbruch eines Skotoms nach oben. Durch Pilocarpin all- 
m&hlichc beidseitige Normalisierung des Augendrucks. Im Laufe der beiden 
n^chsten Jahre zeitweisc geringer Druckanstieg bis 32 mm Hg. Im Sommer 
1938 wurde cm zweites Skotom nach unten festgestellt. Ich schlug eine 
Elliottrepanation vor, die bald nachher mit gutem Erfolg statt fand. Seit- 
dem blieb Patient fortwahrend unter mciner Beobachtung und hat sich 
der Zustand des rechten Auges leidlich bewahrt. Dor Druck ist normalisiert 
(T. 12), die Narbe filtricrt gut, sodass er rechts kein IMlocarpin mehr beniitzt. 
Er kann jetzt im Alter von 73 Jahren noch immcr lesen. S. Die Seh- 
schkrfe hat etwas abgenommen durch leichte Linsentriibungen und chroni- 
sche Konjunktivitis. Die Gesichtsfeldgrenzen haben sich nur wenig gean- 
dert. Die Vorderkammer sind von normaler Tiefe, vielleicht temporal etwas 
untiefer. In der linker Ins sind einige Gefasse rbtlich erweitert (T. 50) die 
Struktur und Farbe der Iris sind beiderscits normal, hell graublau. 
Diagnose: Glaucoma simplex. Er ist spat verhciratet mit einer 47 jahrigen 
Frau, sodass die Ehe kinder!os blieb. Er hat eine blaulichrote Nase durch 
Telcangiectasieen. 

F 26 Eine Tochter, im Alter von 39 Jahren an Magenkrebs gestorben. Sie hat 
5 Kinder: 4 Tdchter und 1 Sohn, alle augengesund. Eine Tochter starb 
jung, zwei sind verheiratet. Der Sohn wurde durch Kriegsereignisse psy- 
chotisch. 

F 27 Eine ebenfalls von mir untersuchte augengesundc Tochter, spkt als zweite 
Gattin mit eincm Wittwer verheiratet. kinderlos (1948, 66 J. alt). 

F 28 Ein Sohn auf dem linken, auswarts strabierenden Auge durch Glaukom 
erblindet, noch von einem Fachkollegen operiert. Diagnose: wahrscheinlich 
beidseitig Glaucoma simplex. Er ist jetzt kinderlos verstorben. 

F 29 Eine Tochter, im Jahre 1945 bei der ersten Konsultation 59 Jahre alt. 
Traufelt sich seit 1939 mit Pilocarpin ein. Hat seit einem Jahr keinen Au- 
genarzt mehr konsultiert. Status quo: linkes Auge mittelweite Pupille, er- 
blindct, T. 62 mm Hg, tiefe glaukomatd.se Exkavation. 

Rechtes Auge S. Vao, T. 38 mm Hg, ebenfalls glaukomatds exkavierte 
Papille. Starke Gesichtsfeldcinschrankung mit Bogenskotom nach oben, 
nahe am Fixieipunkt vorbei. Trepanation nach Elliott. Gutes Filtrations- 
kissen. Kurzdauernder psychotischer Reizzustand iin Krankenhaus nach 
Skophedal>Darreichung. Desorientierung. Benam sich sehr unruhig. Kurz 
nach der Operation Fundushdmorrhagien. Thrombose des unteren temporalen 
und makularen Zweiges der Art. centralis retinae. Weisse Obliteration eines 
anderen Zweiges nach temporal unten. Es entwickelte sich in dem nachsten 
Jahr ein schleichendes Gefassleiden auf beiden Augen, das durch starke 
Kataraktbildung im linken Auge nicht zu sehen war, aber wozu dennoch 
geschlossen werden darf, da das linke Auge Oktober *47 eincn schmerzhaften 
subakuten Glaukomanfall erlitt, weswegen es von mir entfemt wurde. 
H^stologische Bestatigung des Gefassleidens (Prof. Rochat). Im rechten 
Fundus progressives Gefassleiden mit Blutungen. Retinitisherden von ver- 
schiedener Grdsse, Obliteration von Gefassksten, Glaskdrpertrubung ohne 
Drucksteigung aber mit starker Abnahme der Sehscharfe. Wenig Aenderung 
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der Gesichtsfeldgrenzen. Das rechte Auge hat eine normaltiefe Vorder- 
kammer, das linke Auge vor den kongestiven Erscheinungen eine untiefe 
Kammer. 

Diagnose urspriinglich Glaucoma-simplex, aber durch das hinzukommen- 
des Gef^lssleiden auf einem Auge subakutes Glaucoma tntermtUens. Kein 
Herz- Oder Nierenleiden, kcine Diabetes. 

F 2 IO Eine 60 jahrige, von mir untersuchte Tochter, normal, glaukomfrei. 

Erbmodus in dieser Familie: mutmasslich autosomal-dominant 
(jliicklicherweise behindert das Fehlen von Nachkommen bei den 
Befallenen die Ausbreitung des Leidens. Eine Antizipation is nicht 
vorhanden, Es ist nicht unmoglich, dass hier an alien Fallen ein kli- 
nisch nicht nachweisbares Gefassleiden zugrunde liegt, das sich nur 
bei der jiingeren Tochter ganz excessiv entwickelte (extreme Variante) 
nachdem es zuvor mehr latent geblieben war. Sollte sich das bewahren, 
so ware das klinische Bild auch in dieser Familie bei alien Befallenen 
nicht identisch. Wenn die Grosseitern wirklich nicht verwandt sind 
und der Ehemann von Fi3 kein heterozygotisch Belasteter gewesen 
ist, ist es am naheliegendsten den Glaukomzustand der Mutter als 
eine neue Mutation zu betrachten, die sich nur in diesem Zwcig weiter 
vcrerbte. 

Fam. 7 A. Familie St. Der Vater (F^O) starb im Alter von 68, die Mutter (F 24 ) 
im Alter von 63 Jahren. So weit bckannt waren sie bis zu ihrem Tode augcn- 
gesund. Die Mutter des Vaters (Fi2) erblindcte im Alter von 86 Jahren (Ursache 
unbekannt, der Beschrcibung nach wahrschcinlich Glaucoma simplex). Ein 
Schwager (Fi4) dieser Grossmutter war schon im Alter von 60 Jahren nahczu 
blind (Ursache ebenfalls unbekannt). Die Geschwisterreihe umfasst 3 Tochter 
und 5 Sbhne. 

Von der ^Itesten Tochter (F 34 ), die vcrheiratet in Rotterdam wohnt, ist kein 
Augenleiden bckannt. Sie hat noch zwei normale Kinder im Leben. Der Zweitc 
(FsS), ein Sohn A.J.St. hattc schon intermittierend Prodrome im ersten Welt* 
krieg, als er 34 Jahre alt war, Er erhielt Pilokarpintropfen von Kollege Piekema. 
Im Alter von 44 Jahren sah sein linkes Auge schon sehr schlecht. Im Alter von 67 
Jahren (1945) sah es aber immer noch V 300 bei einer T ~ 30 mm Hg, nachdem 
vor 6 Jahren dieses linke Auge iridektomiert war. Er hatte zuweilen Nebel- und 
Farbringensehen. In 1945 sah er mit dem rechten Auge */jo Emm. T.O.D. 45 mm. 
Gesichtsfeld konzentrisch um 15-25^ eingeschr&nkt. Im Laufe der nachsten 
Jahre entstanden bogenfdrmige Skotome nach oben und unten. Mit Pilocarpin 
blieb die Tension schwankend zwischen 26, 35 und 38 und 40 mm Hg. Diagnose: 
Glaucoma chronicum intermittens. O.S. Glaucoma simplex O.D. 

Anfang 1946 Zyklodialyse wegen T » 40 mm und fortschreitendem Ge* 
sichtsfeldzerfall. S 7/,o f. 

Er hat 11 Kinder im Leben, 39 bis 24 Jahren alt, alle noch augengesund. 
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Der dritte (Fa?) ein Sohn, verungluckte im Alter von 23 Jahren. 

Der vierte (F38) A.W.M.St. ist normal und arbeitet als Schmied. Er ist ver- 
heiratet, aber hat keine Kinder. 

Der fiinfte (Fa 11) ein Sohn L.H.St. kam schon nahezu erblindet, im 58. Le- 
bcnsjahr zu mir. 

S.O.S. erloschcn, S.O.D. 0.5/30 mit Miihe. Er war vor 4 Jahren auf beiden 
Augen iridektomiert worden. Bei der Operation war das linke Auge praktisch 
schon verloren. Im Alter von 44 Jahren hat er links zentral noch einige Seh- 
scharfe, das rechte sieht noch zicmlich gut mit leidlichem Gesichtsfeld. Status 
praesens bei meincr ersten Beobachtung: O.D. Rubeosis iridis, oberes peripheres 
Kolobom, Starke Pigmentaussahiing in der Pupille und peripupillar. Gcsichts- 
feld absolutes Skotom geradc iiber dem Fixierpunkt und relatives Skotom 
unterhalb desselben. Noch em grosses cxzcntrisches Feld vorhanden. O.S. Irisa* 
trophie, gcringes Ectropion uveae acquisitum, Totalkolobom nach oben, wenig 
Pigmentzerstreuung, vereinzelte neugebildete Tnsgefasschen. Tiefe Papillen- 
exkavation, viel starker als rechts. Diagnose: Glaucoma chromeum intermittens. 
In der nachsten Zeit wiederholtes Hyphaema des rechten Auges, subconjunc- 
tivale Sugillationen des linken Auges. Deutliches Gefassleiden. Rechtes Auge 
im Alter von 59 Jahren ebenfalls vollkommen erblindet. Sechs Sbhne und 3 
Tbchter aus 2 Ehen normal (dlteste 25 Jahren). 

Die sechste, eine ziemlich jung gestorbene Tochtcr, war augengesund. 

Der siebente (F 3 I 5 ), ein Sohn C.F. doppelseitiges Glaukoma subac. und chron. 
intermit., operiert auf beiden Augen (Koll. Dekking und deRoov). Zehn Kinder 
normal (alteste 24 Jahre). 

Die achtste (Fa 17), eine Tochter, ledig, konsultierte mich zum ersten Mai im 
Alter von 53 Jahren. Sie hatte doppelseitige glaukomatose Exkavationen mit 
spinnenwabengrauem Gewebe iiber dem Unterrand der Papillen. Rechts kon- 
zentrische Gesichtsfcldcinschrankung, links ebenfalls, mit grossen parazentralen 
Skotomen verbunden. T.O.D. 38; O.S. 50 mm Hg. S.O.D. b/io O.S. s/io- Emme¬ 
tropic. Pilokarpineintraufelung normalisiert den Driick. Niemals Prodromal- 
erscheinungen gehabt. Diagnose Glaucoma simplex (im Haag nachher operiert). 

Zwei verschiedene Phanotypen in ciner Familie. Erbgang: wahr- 
scheinlich unregelmassig-dominant. Die Zahl der befallenen Geschwifs- 
ter (4 von 8 Kindern) sowie die Abwesenheit von Glaukom- oder 
Blindheitsfallen in der Familie miitterlicherseits, wahrend dit Gross- 
mutter vaterlicherseits .schleichend erblindete ohne dass Katarakt in 
der Familie vorkommt, macht einseitige Belastung wahrscheinlicher 
als doppelseitige rezessive. Neuerdings zeigt eine Tochter von FaS 
ebenfalls Druckerhohung, sodass dominante Vererbung immer wahr¬ 
scheinlicher wird. 

Fam. 8a. Frau Y. de S. C.R. 14.1 .’33 53 J. alt. S.O.S. mit Sph — 0.75 3/io. Ne¬ 
bulae corneae mit obliterierten Gef^sneubiidungen. O.S. NormaJe Papille. O.D. 
randstibidige Exkavation. S. */io Emmetropie. 
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Anamnese: schon vor 17 Jahren zum ersten Mai Regenbogenfarbkreisen ge- 
sehen. Nebelsehen unter emotionellen und digestiven Einfliissen. Penphere 
Gesichtsfeldeinschr^nkung, Bogenskotom nach obcn. 

Eine Schwester wurde im Jahre 1919 von Prof. Koster auf beiden 
Augen erfolgreich von Glaukom operiert. Die Eltem waren augen- 
gesund. Der Grossvater miitterlicherseits soli ebenfalls an Glaukom 
gelitten haben, wahrscheinlich gleichfalls Neffen und Nichten. 

Diagnose: Glaucoma chronicum intermittens. Erbgang iinsicher: 
er konnte unregelmassig-dominant oder rezessiv sein. 


Fam. 9 A. Frau B. 27.10/25. 49 J. alt. S.O.S. mit Sph + 4 cyl. -1 0.5, 6 /,o. 
S.O.D. mil Sph. H 3.5 «/io. 

16.7.'27 Zum ersten Mai subjektive Beschwerden. Tension crhoht. Blut- 
druck normal. Pilokarpin. 

18.10.'27 Prodromalerscheinungen am linken Augc. 4.11.'27. Dieselben Er- 
schcinungen am rechten Auge. Zwei Woclien bevor Weinachten aAM/^rG/awAom- 
anfall links. Weite Pupille, die sich auch nach der Iridektomie nicht mehr ver- 
engcrt hat. 

13.3.'28 T.O.D. und O.S. 45 mm. Zuvor und nachher immer mehr Ein- 
schrilnkung der Gesichtsfelder 20.3.'30 T.O.S. 25 mm. 

16.12/30 Auf dera rechten Auge sind relative Skotome nach obcn und unten 
entstanden. Viele Aufregungen durchgemacht. S.O.S. mit Sph. + 1.5 Cyl + 1 
i/fif. S.O.D. mit Sph. 3.5. s/,. T.O.D. und O.S. 18 mm. 

Die Mutter diescr Paticniin litt zur selben Zeit an Glaukoma sim¬ 
plex und wurde von Koll. ten Doesschate in Utrecht behandelt. 

Also in derselhen Familie Glaucoma simplex nehen Gl. injlamma- 
torium (rechts chronisch, links akut), Erbgang. dominant. 


Fam. 10 A. Frau H. 21.2.1917, 62 J. alt. S.O S. mit Sph. + 2.5 s/io r. 

S.O.D. mit Sph. + 1.5 ‘‘/lol keine Abweichungen. 

17.’10 1925 S.O.S. '/s- T. 55 mm. Pilocarpin 3%. Gesichtsfelder normal. 

24.’10.1925 subakuter Glaukomanfall. O.S. Pupille mittelweit. Brechncigung. 
Durch Pilocarpin wurde der Anfall bescitigt. 

4.12.1925. S.O.S. 2 /io. Sehr viele Pigmentbeschlage, wenig freies Pigment 
auf der Iris. Papille nicht exkaviert, mit geringer Halobildung. O.D. sehr viel 
feine Pigmentkdrnchen auf der Hornhauthinterfiache. Leidlicher Zustand auf 
beiden Augen durch Miotica. 

29.5.’26 S.O.S. mit Sph. -}- 2.75 2/io» S.O.D. mit Sph. -f 2 2 / 5 . Von Anfang 1929 
bis Mitte 1931 Refraktionsverstarkerung des linken Auges bis My 1.25 D. 
Depressionen, Wahideeen. Erhdhter Blutdruck. Exitus nach Apoplexie. 

Sohn der Vorigen 28.5.*20, 39 J. alt. S.O.S. Hm 4 « Ash 2.25 s/* O.D. Hm 
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3 . 53 Ash 2.25 5/g. Asthmatiker. Bis 1931 keine Augenbeschwerden. 29.7.31 
Regenbogenfarbensehen. Nebelsehen, Druckgefiihl im linken Auge. Hat viele 
Asthmazigaretten geraucht. Pilokarpin hilft. 21.4.'32 nach Fortsetzung der 
Miotica T.O.D. u. O.S. 26 mm. Blinde Flecke und Gesichtsfelder normal. 

Wahrend der nachsten Monaten Tensionsschwankungen O.D. von 25-28mm, 
O.S. von 22-25 mm. Patient gibt an, dass er haufig Pupillenerweiterung be- 
kommt auf dem linken Auge. Gegen eine Folge des Asthmazigarettenrauchen 
spricht die Einseitigkcit. Auch ist die Druckerhohung nicht derart, dass eine 
Folge derselben ohne weiteres auf der Hand liegt. Er wurde nachher wegen 
Glaukom im Haag, wo er wohnte operiert. 

Beide Personen haben also Erhohungen des Augendruckes von vas- 
kularen, bzw. vasoneurotischen Typ. Diagnose: Glaucoma chronicum 
intermittens. 

Phanotypus gleich. Erbgang: anscheinend dominant. 

Der jiingere Sohn, der haufig an rezidivierender Keratitis litt, die 
urspriinglich wohl skrofuloser Natur war (Wa R, Sachs-Gcorgi u.s.w. 
neg.) hatte im Alter von 52 Jahren auf dem linken Auge Drucker¬ 
hohung (40 mm Hg) wofiir ich ihn trepanieren musstc. Leider wurde 
die Operation von schleichender Iridozyklitis gefolgt. Im Stammbaum 
habe ich diesen Fall, wo der Druck wieder normalisiert wurde, nicht als 
positiv angegeben, da ein sckundares Glaukom nicht ausgeschlossen 
werden kann. 

Fam. 11 A. Herr H.D. 19.1.1935. 73 Jahre alt. O.D.S. Glaukomatdse Ex- 
kavationen. O.D. Untere Linsentriibungen, Ge.sichtsfeld nicht messbar, oberer 
Teil des papillomakularen Bundels bis zur horizontalen Raphe erhalten. O.S. 
auch unter der Raphe noch ein Stiickchen Gesichtsfeld und stark konzentrische 
Einschrankung. O.D.S. temporalc Peripherie noch teilweise erhalten. S.O.D. 2 / 3 ^ 
exzentrisch S.O.S., mit Sph. -f- 2 D. 2/10 r. T.O.D. 40. O.S. 31 mm, erne Monat 
spHter T.O.D. 26 O.S. 25 mm. 20.7.'35 nach Korrektion s/is. Diagnose: Glaucoma 
simplex, 

Der Vater soli die letzten Lebensjahre vollkommen blind, gewesen 
sein (Glaukom?). 

Erblich ? Erbgang dominant ? 

Fam. 12 A. Fraul. H.v.B. 11.9.’37, 68 J. alt. Rechtes Auge vor 2 Jahre von 
einem Fachkollegen trepaniert, gutes Filtrationskissen, offenbar schleichende 
,,quiet Iritis'*. S. erloschen, Papillenexkavation, Glaucoma simplex. Linkes 
Auge S. mit Sph. -f 3.253cyl' + 0.5 hor. s/io, leicht konzentrisch einge- 
schrknktes Gesichtsfeld mit nasalcm Sprung. 

Der Vater ist vom 87.-91. Lebensjahr erblindet gewesen, hat aber 
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niemals einen Augenarzt konsultiert. Ausserlich war an seinen Augen 
nichts zu sehen. (Glaukom?). Die einzige Schwester soil gute Augen 
haben. Erblich? Erbgang dominant? 

Fam. 13 A. Frau A.H.L. wohnt auf dem Lande in einem Dorf. Leidet seit 11 
Jahren an Schlaflosigkeit, gehdrt zum vegetativ erregbaren T)rp. Sic soli 4 augen- 
gesundc Briider und 5 normale Schwester haben. Ihre Mutter dagegcn ist akut 
erblindet und musste dafiir operiert werden. Das hat zu Hause stattgefunden 
und ist misslungen wegen einer anhaltenden „Entzundung”. Der Beschreibung 
nach hat es den Anschein ob akutes Glaukom vorgelegen hat. 

Die Patientin besucht mich zum crsten Mai im Alter von 58 Jahren am 
26.5.1930. da sie seit cinige Monatc schlccht sieht. Sie hat links einc glaukoma- 
tose Exkavation, die Pupille ist leicht erweitert, weiter als rechts, und es be- 
steht vom Gesichtsfeld nur noch ein kleines exzentrisches temporales Stiickchen. 
T 60 mm. Glaucoma absoluturn. Rechtes Auge S. »/jo. Hyperm. 0.5 D. T27mm 
Hg. Pilokarpin. 

In den nachsten 2 Jahren fortwM.hrende Tensionsschwankungen, rechts immer 
nur leichte Druckerhdhung bis 32 mm. Endlich bewilligt die Patientin in eine 
Operation (Elliott Febr. 32). Sie bekommt wahrend der Nachbehandlung im 
Krankenhaus einen subakuten Anfall am linken Auge. die mit Aminglaukosan 
beseitigt wird. Weiterer Verlauf bis 1935 gut mit leichten Schiiben. Scitdem aus 
meiner Beobachtung verschwunden. 

Diagnose: wahrscheinlich in 2 Generationen Glaucoma intermittens 
chronicum a subacutum und acutum, Erbgang dominant? 

Fam. 14. A. Frau T.v.S., geschiedene Frau, nervos. bekommt in ihrem 66. 
Lebensjahr Nov. '38 einen subakuten Glaukomanfall am rechten Auge. Beide 
Vorderkammer sind untief. Die rechte Pupille ist weit, nicht reagierend. Pilo¬ 
karpin beseitigt den Anfall. Zeitlich sogar Druckemiedrigung bis 13 mm Hg. 
Zwei Wochen spater Druckerhdhung auf dem linken Auge bis 70 mm Hg, Pu- 
pillenerweitcrung mit trager Lichtreaktion. Hinterher kommt heraus, dass 
schon Ikngere Zeit Prodrome bestanden haben und dass der Prozess mit Schiiben 
fortgeschritten war. Auf beiden Augen waren die M. sphincter paretisch ge- 
worden, die linke Pupille war weiter als die rechte, sie konnten keins von beiden 
durch Mioticis mchr verengert werden, obwohl hintere Synechien fehlten. J^ie 
Papillen waren blass, nicht oder nur schusselfdrmig exkaviert. Wegen anhalten- 
der Tensionserhdhung Juli 1939 doppelseitige Trepanation nach Elliot, was den 
Hochdruck bleibend beseitigt hat. S.O.D. Sph -f 33Cyl + 5 O.S. mit 
Sph + 1.75 cyl -f 2.5 *Iiq] beidseitige Linsentriibungen. Auf die Dauer ent- 
stand links cine etwas tiefere Exkavation, aber nicht randstkndig. Bis zu ihrem 
Tode in 1947 gleiche Verha.ltnisse, und im allgemeinen Augenzustand befrie- 
digend. 

Die Mutter der Patientin soil an ein gleichartiges Leiden gelitten 
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haben. Sie war eine schlichte Frau, die Angst fiir Arzte hatte und 
sich selber verwahrloste, bis sie die letzten Jahre ihres Lebens ganz 
erblindet war. Audi meine Patientin hatte deshalb immer Furcht 
fiir Erblindung, was ihr erspart wurde. 

Diagnose: wahrscheinlich durch 2 Generalionen Glaucoma chroni- 
cum intermittent, Erbgang dominant? 

Fall 15 A. Frau v.d.M. 66 J. alt, konsultierte mich Juli 1937 wegen Schmerzcn 
am rcchten Augc und Kopfwch, Ich kcnnc sic seit ihrem 53. Jahr und fand nur 
l^esbyopie, jetzt aber zum erstcn Mai cine T = 70 mm Hg. O.D.; 26 mm Hg. 
O.S. Mit Pilokarpin wird Normalisierung des Augendruckes erreicht. Das be- 
wahrt sich bis Juli 1932. Neuc Druckcrhdhung O.D. (loichtcr .\nfall). l*ilokarpin 
und Eserin lassen im Stich. Zwei periphere Iridektomien O D. bringen Heilung. 
Im Jahre ’33 ist eine glaukomatosc Exkavation entstanden In den nachsten 
Jahren enlstehen auf beiden Augen Linsentriibungen, sodass Pilokarpin stbrend 
wirkt. Lcbermjcktionen gcgtm Anamie. Diagnose' Clauc. chronic, intermittens 
O.D. Glam, simplex lev. O.S. 

Familienverhaltnisse: Die Patientin hatte 3 Kinder und 7 Ge- 
schwister. 

Die alteste Tochter konnte ich bis zu ihrem Tode 43 J. alt, wieder- 
holt untersuchen. Sie war vollkommen glaukornfrei. Die zweite 
Tochter und der Sohn sind angcblich augengesund. Sie hatte 6 Briider, 
da von einer 1930 gestorben und eine Schwester, die alle angeblich 
augengesund gewesen sind, wie cbenfalls die Eltern. Der Vater starb 
62 J. alt, die Mutter 84 J. alt. Sie hatten keine Sehbeschwerden. Da- 
gegen war die Grossmutter muttlichcrseits 12 Jahre lang inoperabcl 
erblindet (vom 60-72. Lebensjahr). Das Augenlicht war schleichend 
erloschen (Glaukom?) 

Erbgang als unregelmassig-dominant oder rezessiv zu vermuten. 

ZUSAMMENFASSUNG • 

Es wurden im Vorangehenden 15 Familien erwahnt, wo man mit 
einer dominanten Erbanlage zu praesenilem b.z.w. senilem Glaukom 
rechnen darf. Regelmassige Dominanz wurde durch 3 Generationen 
1 mal sicher gestellt (Fam. 1) und 2 mal wahrscheinlich gemacht 
(Fam. 3 u. 4). Eine unregelmassige Dominanz durch 3-4 Generationen 
kame fiir die Falle 7, 8 und 15 in Frage. Direkte dominante Vererbung 
durch 2 Generationen war sicher in 5 Fallen (Fam. 2, 4, 7, 9, 10) 
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und wahrscheinlich in weiteren 4 Fallen (Fam. 11, 12, 13, 14). Die 
Moglichkeit einer Pseudodominanz durch Ehe eines heterozygotisch- 
belasteten (sogenannt normalen) mit einem homozygotisch rezessiv 
Befallenen ist in solchen Fallen nicht auszuschliessen. In diesem Ma¬ 
terial liegt nichts vor, was direkt beweisend fiir eine Antizipation 
ware. 

Der klinische Familienphanotypus war in diesen Fallen 4 mal 
gleich (Fam. 2, 5, 6, 10), 2 mal wahrscheinlich gleich (Fam. 3, 13), 
3 mal ungleich (Fam. 1, 4, 9) und 4 mal unbekannt (Fam. 8, 11, 14, 
15). In den Familien 6 und7bestand eine Neigung zum Ungleichwer- 
den. 

Das Studium dcs Erbganges von prasenilen bzw. senilen Merkmalen 
ist — wie gesagt — dadurch erschwert, dass es kaum moglich ist mehr 
als 2 Generationen personlich zu kennen und zu untersuchen. Man ist 
im allgemeinen auf anamnesti.sche Daten angewiesen. Mit dem Tode 
der Patienten der Aszcndenz ist gewohnlich auch der Tod des behan- 
delnden Augenarztes verbunden, so weit die vorangehende Genera¬ 
tion iiberhaupt dazu kam einen Augcnarzt zurate zu ziehen, was auf 
dem Lande damals noch gar keine Sitte war. Fiir dieses Studium sind 
deshalb die Universitatskliniken mit guter Patientenadministration 
am meisten geeignet, angenommen dass heutige Patienten und ihre 
Vorfahren sich gesammt an dieselbe Klinik gewandt haben. 

Meine bisher gesammelte Erfahrungen sind jedenfalls nicht derart, 
dass ich keine Beriihrungspunkte mit dem fur's Glaucoma juvenile 
(adolescentium) so gelaufigen und von mir auch in zwei hier nicht be- 
schriebcnen Sippen beobachtetcn dominanten Erbgang gefunden 
habe,was wieder nicht wunder nimmt, da die Falle 1, 2, 4 und 7 friih 
praesenil anfingen. Ich mochte aber diesen Erbmodus, der auf eine 
Anzahl meiner Falle — besonders auf die friihpraesenilen — passt, 
nicht fiir alle Erbfalle von zeitlebens erworbenen Primarglaukom gel- 
tend erklaren, wie es so haufig bisher in Obersichtsreferaten geschah, 
wo man ohne ein richtiges Kenntnis der Verhaltnisse beim (prae)se- 
nilem Glaukom, ohne weiteres behauptet oder vermutet, das Primar¬ 
glaukom sei in aUen Fallen mit Ausnahme des Hydrophthalmus, 
regelmSssig- oder unregelmassig-dominant erblich. 

Dass ein rezessiver Erbgang ebenfalls zu den Moglichkeiten, sogar 
Wahrscheinlichkeiten bei Altersglaukom gehort, m6ge die Beschrei- 
bung der nachsten 19 Falle beweisen. Ich fange dabei mit den 
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Geschwister- oder familiaren Fallen (Gruppe B) meines Beobachtungs- 
materials an um mit der Beschreibung einiger solitaren Falle (Grup¬ 
pe C), wo ich mehr iiber die Faniilienverhaltnisse zu wissen bekam, 
zu enden. 


(iruppe B. Familiare oder Geschwisterjdlle 

Familie 1 B. 2.3.1916. Herr B.H.J. 61 J. alt, vor 2 jahren von Prof. Koster 
auf bciden Augen iridektomiert. S.O.S. mit Sph. -f- lZ:^yl. 4 - 1 S.O.D. mit 
cyl.— 2.53Sph. — 0.75 Vio (O.D. Linsenastigmatisnuis). O.S. starkc rand- 
standige, O.D. mehr schussclfdrmige Exkavation. Im Laufc dcr nachsten Jahre 
ist auf dem rechten Augc eine Linscnmyopie bis zu 10 D entstanden. Das Ge- 
sichtsfeld links war schon gleich beim ersten Besuch auf einen kleinen zentralen 
Streifen (5 *12“) reduziert, rcchts war em grosses Skotom nach oben vorhanden. 
Beide Augen zeigten Linsentriibungen. 6.9.’21 S O.S. mit Sph — 33cyl — 1.5 
vert. 2/io. S.O.D. mit Sph 10 cyl — 2.5 vert f. Diagnose: Glaucoma 
simplex. 

Bis hieher sind 9 von mir wiederholt iintersuchten Kinder, die 
jetzt im Alter von 65 ~ 41 Jahren stehen, frei von Glaukom geblieben 
(zwei haben auf einem Auge grosse physiologische Exkavationen). Der 
Vater und die Mutter des Patienten sind angeblich glaukomfrei im 
Alter von bzw. 68 Jahren und 81 Jahre gestorben. 

Dagegen litt cine 73 jahrige Schwester Frau W.-J. des Proban den 
an doppelseitigem Glaucoma simplex und wurde deswegen von Kollega 
Garrer (Haarlem) auf beiden Augen operiert. Zufalligerweise leidet 
ihr Ehemann an dominant em Glaucoma simplex (s. Seite 120 und 
Stammb.). Diese dritte Ehc des Mannes ist kinderlos geblieben, sodass 
wir fiber die Erbfolgen bei Nachkommen nichts erfahren. Bei den 
beiden befallenen Geschwistem ist der Erbgang wahrscheinlich ein 
rezessiver] jedenfalls besteht sicherlich keine Dominanz mit Antizi- 
pation. , 

Fam. 2 B. Herr C.J.B. 12.10.’16, 58 J. alt. Arzt in einer Dorfsgemeinde. Vor 
16 Jahren wurde von Prof. Straub zum ersten Mai an Glaukom gedacht. Er 
sagt mir seit 1893 nierenleidend zu sein. Zwischen 1900-1908 war der Zustand 
ungeandert. Fortwahrend 2 mal taglich 1% Pilocarpin eingetraufelt. Tragt 
Brille O.S. Sph — 3. O.D. Sph — 5.5 D. 

Status praesens O.D S. Tiefe randstandige Papillenexkavation; zentrales 
Skotom. O.D.S. obere Halfte des Gcsichtsfeldes vollkommen verschwunden. 
O.S. Strabismus sursum vergens. Tension O.D. 46 mm, O.S. 37 mm. Farbenun- 
terscheidungsvermdgen noch leidlich vorhanden. Trotz beidseitige zentrale 
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Skotome fuhr der Mann noch Rad und machte er noch — wohl wenig zuverlas* 
sige — Urinuntersuchungen. 

Ein Bruder, Pfarrer, hat — wie ich vernam — ebenfalls doppelseitiges Glau¬ 
coma simplex und Strabismus divergens 0.1). Er wurde 1903 von Prof. Straub 
und nachher noch einmal von Prof. Zeeman operiert. 

Der erste der von Glaukom befallenen Bruder starb im Alter von 65 Jahren, 
7 Jahre also nachdem cr mich konsultierte. Ich konnte damals keine Fundus- 
anderungen wie sie bei Angionephrosklerose (blassem Hochdruck) b.z.w. Re¬ 
tinitis angiospastica albuminurica vorkommen, fcststellcn und weiss also iiber 
dessen Nierenleiden und Todesursache keinen weiteren Bescheid. Der zweite 
Bruder mit Glaukom starb 74 Jahre alt. 

In dieser Familie ist der Erbgang nicht sicher zu beurtcilen. 

Der Vater der beiden befallenen Bruder ist 55 Jahre alt geworden. Die Mutter 
wurde 75 Jahre alt. Beide sollen keiii Augenleiden gehabt haben. Die beiden 
Bruder stammen aus der zweiten Ehe des Vaters. Sie batten 3 eigene Schwester, 
die alle alt wurden und teilweise noch leben. Sie scheinen nicht befallen zu sein 
und haben keine Nachkommen. 

Aus der ersten Ehe des Vaters gingen 6 Kinder hervor. Von diesen 
Halbge.schwistern sind 2 ganz jung und einer als 22 j. Militar gestor- 
ben. Von den 3 ubrigen starben 2 Halbschwester ledig bzw. im Alter von 
65 und 60 Jahren. Sie sollen nicht augenleidend gewesen sein. Der ein- 
zige iibrigbleibende Halbbnider hatte ebenfalls gesunde Augen und 
starb im Alter von 73 Jahren, Seine 5 Kinder» jetzt im Alter von 
69-53 Jahren stehend, heissen glaukoinfrei, sodass man annehmen 
darf, dass die Krankheitsanlage in die erste Ehe des Vaters nicht ver- 
erbt wurde, was einigermassen befremdet wenn der Vater der Anlage- 
triiger gewesen ware ohne sie selber noch zu zeigen. Ware die Anlage 
in die zweite Ehe miitterlicherseits hineingekommen sein so ware es 
wdeder befremdend, dass diese Frau bis zum hohcn Alter selber keine 
Symptome aufwies. Zuverlassige Angaben dariiber konnte man mir 
nicht geben. Es ist ebenfalls sonderbar, dass noch keiner der Nach¬ 
kommen der beiden Glaukompatienten Augenbeschwerden hat. Sie 
sind schon 55, 54, 52 und 48 Jahr alt. Eine Antizipation ist also sicher 
nicht vorhanden. Die Moglichkeit einer rezessiven Vererbung ist des- 
halb nicht ausgeschlossen, sogar ziemlich wahrscheinlich. Die Eltem 
in zweiter Ehe waren nicht verwandt. Erst die Zukunft kann hier 
vollige Auskunft iiber den Erbgang bringen. 

Familie 3 B. Frl. S. S.O.D. und O.S. mit Sph -|- 0.75 D. s/jo. Untiefe Vorder- 
kammer auf beiden Augen. 

O.D.S. glaukomatdse Exkavationen. Normale Gesichtsfelder, keine Skotome 
Pilokarpinverordnung. 
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16.9/29 Tension rcchts 26 und links 24 mm Hg. 6.5.’30 Tension O.D.S. 20 mm 
Hg. 29.8.’31 Noch immer normalc Gesichtsfeldgrenzen. 

5.7.’32 T.O.D. 22 T.O.S. 24 mm Hg. Anfang 1934 nach Verwahrlosung des 
Pilokarpineintraufelns subjektive Beschwerden. Vergrdsserung des blinden 
Fleckcs. Unter standigem Eintraufeln einer starkeren PilocarpinlOsung subjek¬ 
tive und objektive Besserung. 20.10.’34 T.O.D. O.S. 15 mm. 

30.12.’36 T.O.D.S. 24 mm. Bei dieser Patientin hat sich die Pilocarpinbe- 
handlung als vollkommen geniigcnd erwicsen. Bei Nachlass des Pilocarpins 
mehrere Male subjektive Beschwerden. Rechts fand ich schon im Jahre 1925 
ziemlich viele grobe supra- und intrastromale Pigmentkorner im nasalon Teil 
des blaugrauen Iris, links ebenfalls, jedoch in verringerter Anzahl. Nach der 
Pilocarpinbehandlung hat die l^igmentzerstreuung abgenommen, ist aber nie- 
mals verschwunden. 

Diagnose: t)bergang zwischen Glaucoma simplex und chrontcum intermittens. 

1.10.’35 konsultiertc mich zum ersten Mai die Schwester der vorigen Patientin, 
Frau S.S., 64 J. alt, wahrend eines akuten Glaukomanfalls des linken Auges, 
dem mehrere Wochen leichte und eine Woche starkere T^rodrome vorangegangen 
waren. Nach Iridektomie S.O.S. nach Korrektion mit cyl. -f 3.5 Vi5» Papilla 
albescens. O.D. leichte Exkavation der Papille; S.O.D mit Sph + 3.5. ^/lo, 
beiderseits untiefe Vorderkammer. 30.12.’36 Suhakuter Glaukomanfall des rech- 
ten Auges. T.O.D. 90-100, O.S. 35 mm. Durch Ruhe, Sedativa und wicderholtes 
Eintrkufeln von Pilokarpin mit Eserinsalbe Ten.sion 31.12.’36 aiif 15 mm herab- 
gesunken und welter normal geblieben. T.O.S. 25 mm. 

15.11.*37 Erneuter ahuter Glaukomanfall des rechten Auges Nach Iridektomie 
bleibende Normalisierung des Augendruckes. 

28-2.’39 S.O.S. nach Korrektion 2/12 r, S.O.D. Vio r. Die Vorderkammer sind 
sehr untief geblieben. Tm Krankenhaus Blutdruck 180/100, im Urin Glukose und 
Albumin (beide eine Spur). Die Schwestern haben beide kleine Hornhaute mit 
ciner untiefen Vorderkammer verbunden. 

Sie sind sehr nervos und schnell erregt. Der Glaukomtypus ist 
ausgesprochen va.skular. Der Vater starb 72 J. alt, die Mutter 70 
J. alt, beide angeblich glaukomfrei. Drei Briidcr und eine Sch wester sind 
jung gestorben, ein Bruder von 65 J. (1936) lebt noch und ist angeblich 
glaukomfrei. In der Familic sind keine weiteren Erkrankungsfalle 
bekannt. Erbgang wahrscheinlich rezessiv, obwohl irregulare Do- 
minanz nicht auszuschliesscn ist, aber dann gewiss ohne Antizipa- 
tionsneigung. 


Familie 4 B. Ein 68 jahriger Mann B.J.Z. kam Oktober 1943 zu mir nachdem 
er im Fruhjahr von Kollege Hattink in Zutphen auf beiden Augen nach Elliot 
trepaniert war. Er hattc jetzt auf beiden Augen zentrale Skotome. Seine Seh- 
schilrfe war eine geringe, da er exzentrisch fixierte. Er hatte gut fistulierende 
Narben, glaukomat6se Exkavationen. T.O.D. 10 O.S. 12 mm Hg. Kollege H. 
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hat mir mitgeteilt, dass er die Diagnose Glaucoma simplex gemacht hatte. W^h- 
rend einer Beobachtungszeit von einer Woche hatte er durch provozierende 
Massnahmen niemals hdhcre Druckwerte als 26-26 mm Hg gefunden. Obwohl 
der Patient mir angab, dass er in den Ictzten 3-4 Jahren immer schlechter sah, 
scheint er keine richtige Prodrome gehabt zu haben. 

Er erzahlte mir, dass einer seiner Briider J.C.Z. vorher auch vom selben Augen> 
arzt wegen griinem Star operiert worden war. Als ich bei Kollege H. nachfragte 
war dieser iiberrascht, da er nicht gewusst hatte, dass beide Personen Bruder 
waren. Dieser Bruder wurde in 1935 in seinem 58. Lebcnsjahr ebenfalls auf bei- 
den Augen wegen Glaucoma simplex nach Elliott trepaniert und hat so gute 
zentrale Sehsch&rfe behalten, dass er seitdem seinen Beruf von Radreparateur 
beschwerdenfrei nachkommen konnte (Vis. O.D. 0.7, O.S. 0.6). Neben dicsen 2 
BrUdern sollen anamnestisch noch 2 Bruder und eine Schwester gesund gewesen 
sein. Auch von den Eltem war keiu Augenleiden bekannt. Sie sind beide, 71 
Jahre alt, gestorben und waren nicht blutsverwandt. 

Erbgang augenscheinlich rezessiv. Die beiden befallenen Bruder 
sind 1947 an Herzlciden gestorben. Der altere hat in zwei £hen je vier 
Kinder. Die beiden Altesten sind schon iiber 40 Jahre alt ohne Augen- 
beschwerden. Die zwei befallenen Briider hatten aus erster Ehe ihres 
Vaters noch 2 augengesunde Halbbrudcr und eine gesunde Schwester. 

Familic 5 B. Fraulein A. St. 67 Jahre alt, wird mir zugefiihrt, da ihr linkes 
Auge vor 8 Monaten schmcrzhaft wurde und allmahlich schlechter sah. Seitdem 
ist cs langsam erblindct. In den letzten 8 Monaten ist das Licht des rechten 
Auges ebenialls stark verringcrt, sodass sie ihren Beruf von Naherin nicht l^ger 
ausiiben kann. Obwohl sic einigc Male beim Augenarzt war, warden ihr niemals 
Augentropfen verschrieben. Status quo: O.D.S. glaukomatdse Exkavation. Pu- 
pillen erweitert. Linkes Auge vollkommen blind. Kleine Hamorrhagicn am Pu- 
pillenrand und in der nS,chsten Umgebung leichte venOse Stauung, T. 70 mm Hg. 
Rechtes Auge: S. mit Sph — 1.5 D. V3«- T. 68 mm Hg. Schmaler Teil des pa- 
pillomakularen Biindels noch intakt. Grosses absolutes Bjerrum-skotom nach 
oben und relatives Skotom nach unten bis nahe am Fixationspunkt. Konzen- 
trisch eingeschr3.nkter Gesichtsfeldrest temporal und unten, nasal alles ver- 
schwunden. Pilocarpin 4 mal t^glich verordnet. Zwei Tage sp&ter: subakute 
Glaukomanf^Llle auf beiden Augen. Breite Iridektomie rechts, EUiott links. 
Diagnose: Glaucoma anfangs chronicum, sp&ter subacutum intermittens. 

Ein sie begleitender Bruder, 62 Jahre alt, ist fiir anfangendes Glaukom ver- 
d&chtig. Er hat mittelm&ssig weite Pupiilen und eine 2 mm breite peripupillAre 
Stromaatrophie auf beiden Augen sodass das Pigmentblatt frei zutage liegt. 

T.O.D. 28, O.S. dZ’mm Hg. S.O.D. •/io» Asm 0.75 nach Korr. «/io r; S.O.S. 5/,o 
Emm. Keine Linsentriibungen, keine Exkavationen, keine Skotome. Pilokarpin 
normalisiert den Druck nicht geniigend, aber das Auge leidet weiter noch nicht. 

Es lebt noch eine Schwester, die augengesund sein soil.. Zwei jiingere Bruder 
sind vor Jahren gestorben. Der Vater A.Th.S. starb 76 Jahre alt, die Mutter 
Genetica XXV 7 
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starb jung, 38 Jahre alt. Augenleiden war bei ihnen ebensowenig bckannt wie 
bei anderen Familienangehdrigen. Die Eltern sind nicht verwandt. 

Erbgang vermutlich rezessiv. Der befallene Bruder hat seine Ku- 
sine 1. Grades, eine Tochter eines Bruders seines Vaters geheiratet. 
Wenn auch diese Person hcterozygotisch belastet sein wiirde, 
werden seine Kinder spater gefahrdet scin. Jetzt ist der alteste Sohn 
nur noch 25 Jahre alt, sodass sich die Sache noch nicht beurteilen 
lasst. Es macht den Eindruck ob in diescr Familie ein Glaucoma inter- 
mittens chronicum besteht. mit subakuten Exazcrbationen bei der 
Schwester. Obwohl ich bei ihr rechts eine Tridektomie und links einc 
Elliottrepanation verrichtete, war die Tension einige Wochen spater 
wieder auf 60 mm und 70 mm gestiegen, sodass ich mich veranlasst 
sah noch eine Kataraktoperation rechts vorzunehmen womit ich guten 
Erfolg hatte. Diese Patientin und ihr Bruder haber kleine Horn- 
haute, bei der Patientin mit einer relativ grosser Linse verbunden. 


Fam. 6 B. AJ.K. 1920, 60 Jahre alt. Hainiemals Prodromalerschcimingcn ge- 
habt. Rechtes Augc nur Lichtschein. Tiefe randstiindige Exkavation (6 D), keinc 
directe Lichtreaktion. Linkes Auge glaukomatose Exkavation. T 33-35 mm Hg. 
S. mit cyl. — 0.5 s/io. Parazentrale Skotome sowohl obeii als unten ganz nahe 
beim Fixationspunkt. Diagnose: Glaucoma simplex 0.0. Vater gestorben im 
Alter von 67 Jahren, Mutter las die Zcitung noch ohne Brille im 75. Lebensjahr. 
Keine weiteren Glaukomfalle bekannt mit Aiisnahme der um 8 jahre jungeren 
Schwester, die ebenfalls an Glaucoma simplex leidet. 

Zwei Sdhnc und cine Tochter dcs befallenen Mannes hind im Jahre 1948 noch 
alle gesund, biz. 61, 59 und 57 Jahre alt. 

Erbgang vermutlich rezessiv. Phanotypus gleich. 


Fam. 7 B. Fr. C. Gr. 1936. 59 Jahre alt, klagt uber haufiges Verschwommen- 
.sehen. Sie hat beidseitige Katarakt und Glaucoma simplex mit Bjerrumskotom. 
Tension leicht erhoht (O.D 32, O.S. 30 mm Hg). Pilokarpin. 

1941: Zyklodialyse des linken Auges, welche den Augend ruck normalisiert. 

1944 Cataractextraktion auf beiden Augen. S. nach der gut gelungen Opera¬ 
tion unbefriedigend. ( 2/10 r auf jedem Auge nach Korrektion) wegen zentraler 
Atherosclerosis chorioidcae mit Makuladegeneralion. Ein Bruder in Indien 
wurde auf beiden Augen wegen Glaucoma simplex operiert. Sie hatten noch 5 
Geschwister, die angeblich normalc Augen haben. wie sie die Eltern ebenfalls 
gehabt haben sollen. 

Die Kinder der Befallene, stehen im Alter von 43 und 41 Jahren 
und sind frei von Glaukom. 

Phanotypus gleich, Erbgang vermutlich rezessiv. 



DEN ERBGANG DES PRAESENILEN UND SENILEN GLAUKOMS 99 


Familie 8 B. Fraulein S.H.. 68 Jahre alt. Erste Konsultation 15 Okt. 1938. 
Anamnese; Mehrmals leichtes Schwindelgefiihl und Miidigkeit der Augen. Leich- 
te Taubheit. O.D.S. glaucomatose Exkavationen. S.O.S. nur noch temporal unten 
Handbewcgung. Tension O.S. 80 mm Hg. S.O.D. */io. Emmetropic, kein Skotom. 
(»esichtsfeld ein wenig konzcntrisch eingeschrankt. T.O.D. 28 mm Hg. Unter 
I’ilokarpin Zustand leidlich. Dcr Druck sinkt links aiif 28 bis 30 mm Hg. 

April '39 wegen ..Erkaltung” rechtes Auge nicht eingetraufelt. T.O.D. 65 mm 
O.S. 32 mm. Mai '39 Elliot. In den nachsten Jahren giite Filtration. Druck nor- 
malisiert. Diagnose: Glaucoma simplex. 

Fraulein J.W.A.H. 64 Jahre alt, Schwester der vongen besucht mich 19. Mai 
1942. Subjektivc Beschwerden. Fremdkorpergefiihl, Schmerzen am Auge und 
Flammcnsehen. Augenhintergrund O.D.S. normal. 

8 .12.'43, Das linke Auge sieht oft verschwommen und neblig und ist dann 
leicht ger6tet. Status praesens: S.O.D. «/io a I, S.O.S. '/lo. Hyperm. 0.25 D auf 
jedem Auge. Linke Pupille erweitert, Augenhintergrund kongestiv, Augen- 
druck O.S. 65 mm Hg. O.D. 25 mm Hg. Nachste Woche nach standiger Pilo- 
karpinemtraufelungT.O.S. 50, 0. D 17 mm Hg. O.S. Skotome nach oben und un¬ 
ton. Koine Exkavationen. Jan. 44 nach Trepanation des linken Auges T.O.S. < 
15 mm, O.D. 18 mm. Cute Fistulation. Totale schmalc Indektomie, Papillen 
nicht exkaviert. 

Diagnose: Glaucoma chronicum intermittens. 

Die beiden Schwester bind dann wahrend der Evakuation in eine Altersan.sta]t 
aufgenommcn, sodass ich dieselben nicht waiter behandeln konnte. 

Familienbefunde: Fii. S. ist die alteste und Frl. J.W.A. die jiingste 
einer Geschwisterreihe von 6 Kindern. Wedcr die 3 Briider und eine 
Schwester noch die Eltern, die bezw. im Alter von 57 und 76 Jahren 
starben, haben an den Augen gelitten. Die Eltem sind nicht mitein- 
ander verwandt. In einem Scitenzweig mutterlichcrseits ist ein Fall 
von Albinismus universalis incompletus aus einer konsanguinen Ehe 
hervorgegangen. In der Familie sind keine weiteren Glaukomfalle be- 
kannt. 

Der alteste Bruder der bcfallenen Schwestern starb in den 60 er 
Jahren an T.b.c. Er war kinderlos verheiratet und augengesund. Der 
zweite Bruder starb wahrend des Krieges in Indian. Er hat 2 normale 
Kinder. Der dritte Sohn ist leicht myopisch und waiter normal. Von 
seinen 2 Sohnen starb einer im Militardienst. Er erzahlte mir, dass 
seine alteste Schwester ihm berichtet hatte, ihr linkes Auge sei haufig 
sehr schmerzhaft, sodass iiber Enucleation gedacht wurde. Bei 
der Diagnose, die ich zuvor auf GL simplex gestellt hatte, muss also 
noch an GL chronicum intermittens gedacht warden, jedenfalls geht 
bei ihr das Endstadium in solch ein unkompensiertesGlaukom iiber. 

Erbgang: wahrscheinlich rezessiv. 



100 P. J. WAARDENBURG, OBER DAS FAMILIARE VORKOMMEN UND 

Fam. 9 B. T. F'rau V.-W., (F 34 O) 23.9/29 57 J. alt. Linkes Auge randstandige 
Exkavation, fast vollkommene Amaurose. Rechtes Auge weniger starke gleich- 
sinnige Exkavation. T. Schidtz 43, Baillart 35. Bogenskotom nach oben, teil- 
weise relativ. Gelegentlich leichte Prodrome. Sclerectomie O.D. 

Diagnose: Glavtcoma chronicum iniermittens. 

3.2.'30T.O.D. 15, T.O.S. 40. 

26.5.’31 S.O.D. mit cyl. ^ 1,5 Vio- Skotom dem Zentrum nasal vielleicht 
etwas naher geriickt. 7.7.'33 S.O.D. mit Sph -j- O.ScCyl. 1.25 */i 2 . 

11.1.1935 S. nach Korr. s/is f. 

Zwei Tochter und ein Sohn sind normal (bzw. 37 — 34 Jahre alt). Der Sohn 
hat eine Kusine IT Grades geheiratet und hat 2 Sohnehen. Diese Ehe soli in 
Zukunft iiberwacht werden! 

2°. Frau J.W. (F 34 I) Schwester der Vorigen. 16.6.'33 58 Jahre alt. T.O.D. 
60 mm bei normalen CJcsichtsfeld. 28.7.'33 Iridectomie O.D. hat schnelle Druck- 
senkung zur Folge. Anfang '34 wahrend eines IBegrabnisses, zwei Tage subakute 
Druckerhdhung und Rdtung, die auf Pilokarpin verschwinden. Febr. 1940 
Iritis O.S. mit multiplen Synechien, T 88 mm. Iridektomie O.S. Papille blass, 
unten Exkavation. Diagnose: rechis primdres Glaucoma chronicum iniermittens, 
links Sekundarglaukom. Diese Frau hat eine normale verheiratete Tochter. 

Eine aitere Schwester hat gesunde Augen, wie ebcnfalls ihre 2 Sdhne und 2 
Tdchter. Die Eltem dieser 3 Schwestern (Fr 17 u. 19) waren Vetter und Base I 
Grades, allerdings aus 2 verschiedenen Ehen des Stammvaters, der wahrschein- 
lich die Krankheitsanlage in die Familie eingebracht hat. Sie waren glaukomfrei, 
was den Gedanken einer rezessiven Vererbung nahe bringt. 

Ein Bruder der Mutter, selber augengesund, bekommt 6 Kinder, davon 4 
normal und zwei Tdchter in spaterem Alter augenleidend. 

Die erste Tochter (F 32 O) zeigt folgendes: Frau R.W. 20.1.'22, 42 J. alt. Regen- 
bogensehen. O.S. subakutes, schon etwas verwahrlostes Glaukom, weite Pupille, 
keine Kontraktion auf Pilokarpin. Schnurenformige starke Beschiagc. S. 2/300 
S.O.D. mit Sph -f 4 s/io- 

25.1.22. Blutungen auf der Papille O.S. Nur Lichtperzeption temporal und 
oben Sclerecto-iridektomie. 18.4.1922 Tiefe Exkavation. Retinitis circinata, 
normale Venen, enge Arterien, Schiangelung von Papillengefassen. S. ganz auf- 
gehoben. 15.3.1923. Grosses Filtrationskissen, Retinitisherdchen verschwunden, 
viel Pigmentzerstreuung auf und in der Iris. Die Patientin hat im«Laufe der fol- 
genden Jahren (bis 1938) wiederholt Regenbogen gesehen. 

Objektiv blieb aber das rechte Auge normal. Es weist keine Pigmentzer¬ 
streuung auf. Drei SOhne und eine Tochter sind normal. 

Die Diagnose wurde bei der ersten Tochter (F 32 O) auf Gl. chronicum intermit¬ 
tens, bei der zweiten Tochter (F 322 ) auf Cataract gestellt. 

In einer dritten Familie dieser Sippe sind von 4 Kindem 3 Glaukomfrei, und 
ist ein Sohn (F333) bei der ersten Konsultation 1934, 54 J. alt, schon glaukom- 
blind am linken Auge. Das rechte Auge wird 2 Jahre spkter trepaniert, das linke 
wieder 7 Jahre spa,ter wegen schmerzhafte Degeneration entfemt. Diagnose: 
Glaucoma simplex rechts, Gl. chronicum intermittens links. Die Eltern waren glau- 
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komfrei, nicht verwandt. Der Vater aber ist ein Bruder der Mutter der ersten und 
des Vaters der zweiten Familie. 

In dieser Sippe besteht nur einmal Hinweis fiir Dominanz (s. unten) 
und keine fiir Antizipation. Alles deutet vielmehr in die Richtung 
einer rezessiven Vererbung. 

Man muss dann annehmen, dass auch in den beiden nicht-bluts- 
verwandten Ehen die Eltern beide heterozygotisch belastet waren. 
Das ist bei der zweiten Ehe wahrscheinlich, da die Ehefrau F 32 O eine 
Kusine IL Grades (F 34 ) hat, die ebenfalls von mir wegen Glaucoma 
simplex O.D.S. auf beiden Augen trepaniert wurde. Auch die eigene 
Mutter (F 24 ) der Ehefrau ist 10 Jahre lang nach doppelseitigem 
akutem Glaukom erblindet gewesen (Diagnose eines Fachkollegen). 
Es konnte bei den Eltern der Ehefrau deshalb eine Ehe rr x Dr 
vorgelegen haben (Pseudodominanz). 

Eine doppelseitige Belastung der Glaukompatienten in dieser Ge- 
gend lasst sich zwanglos annehmen, da dieser Teil der Provinz Gel- 
derland Jahrzehnte lang isoliert gewesen ist, sodass ziemlich viel 
nahe und entferntcre Inzucht vorkommt. 


Fall 10 B. Fr. A. BI. kenne ich seit ihrem 53. Lebensjahr im Jahre 1920. Ich 
konnte sie bis 1937 mit regelmassigen Zeitintervallen beobachten. Der Zustand 
war Juni 1937 S.O.D. rait Sph -f 4.5 D. Vio.' O.S. mit Sph 3.75 D Vio S.O.D. 
nach Korr. «/io. 

Im Sommer 1945 kam sie nach der Fvakuation in Arnhem zuriick mit einem 
amaurotischen linken Auge und stark erweiterter Pupille. Sie hattc das Auge 
durch intermittierende Anfdlle von Glaucoma verloren und hatte keine gute augen- 
^rztliche Hilfe bekommen kdnnen. Status quo: links randstandige Exkavation, 
rechts seichte Vorderkaramer, Papille O.B. S.O.D. nach Korr. ♦/lo. Linsen- 
kemsklerose. Farbensinn ungestdrt. Ende 1947 Zustand ungekndert. 

Ende Mkrz '48 wurde ich wegen eine pldtzliche, einen Tag andauernde Seh- 
stdrung in ihrem 81. Lebensjahr gerufen. Die Pupille des rechten Auges war mit- 
telweit, die Homhaut fast nicht getriibt. Status glaucomatosus. Tension 58 mm 
Hg. In den letzten Monaten hatte sie offenbar Prodrome gehabt mit kurz- 
dauerndem Verschwommensehen, das letzte Mai vor 4 Wochen. Nie hatte es 
einen ganzen Tag gedauert wie diesmal. Eine halbe Stunde nach Behandlung 
mit Aminglaukosantropfen war der Augendruck auf 37 mm Hg gesunken, am 
nachsten Morgen nach mehrmaliger Pilokarpininstallation auf 17 mm. Diagnose: 
Glaucoma intermitUns subacutum. 


Die Patientin ist die vi’erte aus einer Reihe von 7 Greschwistem. Der 
Alteste von ihnen, ein jetzt gestorbener Bruder hat wahrscheinlich 
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an Glaucoma simplex gelitten. Er hat jahrelang, bis er im Alter von 84 
Jahren starb, seine Augen taglich einige Male eingetraufelt. Operation 
konnte bei ihm vermieden werden. Seine Kinder, die das gefahrdete 
Alter schon erreicht haben, blieben gesund. 

Der Vater dieser Geschwister starb im Alter von 64 Jahren, die 
Mutter im Alter von 85 Jahren. Sie waren nicht mit einander verwandt 
und batten keine Sehstorung. Moglicherweise ist dcr Vater t)bertrager 
der Anlage gewesen und war er noch zu jung um sie selber zu zeigen, 

Einige Geschwister gehciren wie die Patientin zum vegetativ-emo- 
tionellen Typus. Die liingste Schwester leidet seit Jahren an tic fa¬ 
cial rechts. Erhgan^ unsicher, vermntlich rezessiv. Phanotypus ver- 
schieden. 

Fall 11 B. Fr. G.B. 1940, 67 J. alt, bcsuchte mich nachdcm sie im Alter 
von 51 Jahren am rechten Auge mit Erfolg von eincm Kollegen von Katarakt 
operiert war (S.O.D. nach Korrektion *'/io hei Coloboma iritlis superius artificiale 
und geringcr Nachstar). Linkes Auge Cataracta incipiens. Sie kam zu mir, da sie 
fand, dass das rechte Auge mehr verschwommen sah. Wir entschlossen uns zu 
cincr Diszision des >]achstars. In Anschluss an der Diszision entstand cine hau- 
chigc Triibung der Honihaut. Nichtsdestowcnigcr war die Sehscharfe nach Kor¬ 
rektion s/ft f, da sich keine Triibung mehr in der Pupille befand. T 32 mm Hg. Seit 
dcm war es nicht mehr mdglich mit Mioticis cine normale 'J'ension zu errcichen. 
Fortwahrend blieben intermitticrende Prodromalerscheinungen. Nebclsehen, 
Farbringsehcn bcstehen, zuweilen auch pencorncale Injektion. Euie Elliott- 
Trepanation gab zeitweise Vcrbesserung. Im Jahre 1943 musste ich cine Zyklo- 
dialyse anschliessen, die bleibendc Normalisierung des Augcndrucks brachte. 
abcr nicht verhinderte, dass die Homhaut schleichend degencrativ gctriibt 
wurdc. Am linken Auge unter emotionellen Einfliissen auch Prodrome. In 1948 
T.O.S. 38 mm Hg. 

Die Familienverhaltnisse sind wie folgt: Der Vater starb im Alter 
von 70, die Mutter im Alter von 75 Jahren. Sic batten kein Bediirfnis 
aiigenarztlich bchandelt zu werden. Die Patientin hatte einen, jetzt 
verstorbcnen, normalen Bruder und 4 Schwestern. Eine Schwester 
starb als junges Madchcn. Von den 3 lebenden Schwestern sind 2 nor¬ 
mal, bei der Dritten wurde im Alter von 49 Jahren 1925 eine Iridec- 
tomie wegen akutem Glaukomanfall auf dem rechten Auge verrichtet. 
Das linke Auge ist seitdem immer frei geblieben. 

Hochstwahrscheinlich darf man schliessen, dass beide Schwestern 
glaukomdisponiert gewesen sind. Bei beiden hat sich unter vcr- 
schiedenen Umstanden Druckerhohung auf dem rechten Auge ent- 
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wickelt, bei der einen Schwester mehr in akuter, bei der anderen mehr 
in chronisch-intermittierender Fomi, schliesslich bei der einen auch 
links. Vielleicht sind eine Anzahl der Augen, die nach Nachstardis’ 
zision Glaukom erhalten schon zuvor disponiert gewesen. Diagnose: 
zwei Schwester Glaucoma intermittens. Erbgang wahrscheinlich re- 
zessiv. 

Fam. 12 B. Frau v. Si-v. Sch. 70 J. alt, kommt Oktober '36 in meine Sprech- 
stunde wcil ihr rechtes Auge ..verwaschen sieht und gliiht”. Es ergibt sich, dass 
die zentrale Sehscharfe daselbst erloschen ist. Die rechtc Papille ist weiter als die 
linkc. Gesichtsfeld temporal Handbewegung. T.O.D. 25, O.S. 29 mm Hg. S.O.S. 
R/io- Bjerrumskotorn nach iintcn mit Durchbruch nach der Peripherie. Pilokarpm. 
Bis 1940 geniigen Miotica. Dann nimmt die Sehscharfe links ab und bleibt die 
Tension gewohnlich etwas zu hoch (bis 35 mm Hg) xVach einer Zyklodialyse 
T 16 mm. Im Jahre 1941 entwickelt sich eine cataracta nuclearis auf beiden 
Augen, was schliesslich in 1942 Anlass zu Kataraktoperation O S. wird. S. mit 
Sph i 133t*yl i ^ *Vio. Ende 1942 lieginn einer .senilen feinfleckigen Maku- 
ladegeneration, die bis ’48 zugenommen hat und das Lesen unmdglich gemacht 
hat. 

Familienvcrhaltnissc: Die Patientin hat eine 1948 noch lebende 86 
jahrige Schwester mit Dementia senilis. Bei ihr hat der damalige Kol- 
lege Schonfeld Wichers Januar 1943 am linken Auge eine glaukoma- 
tcise Exkavation gefunden mit unkorrigierharer S ‘ “ */60 F. Das rechtc 
Auge liattc wahrscheinlich cbenfalls Exkavation dcr Papille (die des- 
betreffenden Notizen sind nicht ganz klar). Die Sehscharfe des rechten 
Auges betrug 2 / 20 , mit Sph 1 cyl. 4- I hor. 5 ^ 3 ,,. In beiden Augen 
waren multiple zentrale und parazentrale Degenerationsherdchen 
vorhanden. Das linke Auge war die letzten Jahre crblindet, offen- 
bar durch Glaukom. Die jiingste Schwester vcrlor die Sehkraft 
auf beiden Augen durch ein Gefdssleiden, zuerst durch eine Throm¬ 
bose der linken Zentralvene in 1942, nachher in 1925 ebenfalls 
durch Periphlebitis und Thrombose auf dem rechten Auge (Kollege 
Kooyman). Beide Augen entwickeltcn eine Cataracta nuclearis wie 
bei der erstgenannten Schwester. Ob dieses Gefassleiden auf Zufall 
beruht oder ob wir genctische Beziehungen dazwischen und zwischen 
den Gefassanomalien beim Glaukom annehmen diirfen ist eine Frage, 
die kiirzlich noch von Wessely gestreift wurde. Ich mdehte dasselbe 
fiir die von mir hier bei 2 Schwestem, aber auch schon in den Familien 
7 B, 3 C und 5 C beobachteten doppelseitigen Maculaveranderungen 
gelten lassen. Konnen hier durch Gefasstorung bedingte Glaukom- 
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aequivalenten oder Glaukomkomplikationen in Frage kommen ? Fa- 
miliendiagnose: Glaucoma simplex, Cataract a nuclearis, Makula 
degeneration, Gefdssleiden, 

Die beiden glauconiatosen Schwestem haben schon mehrere Kin¬ 
der zwischen 60 und 45 Jahren. Zwei Tochter haben Blutdruck- 
erhohung, die altere daneben gelegentlich eine geringe Augendruck- 
erhohung, die andcre Fundus hyi^rtonicus. Da die Eltern (Vater 78 
Jahre, Mutter 91 Jahre) in hohem Alter starben ohne Augenbe- 
schwerden, ist rezessive Vererbung wahrscheinlicher als (unregel- 
massig) dominante. Die Eltern waren angeblich nicht verwandt. 

Fam. 13 B. Herr G. ]. v. W., 48 Jahre alt, hat 21.3.’38 noch keine fiir Glaukom 
verdachtige Symptome. S.O.D. mit Cyl 4- 0.5 vert. 0.7, S.O.S. p.c. 1 f. £nde 
1939 ist seine linke Papille leicht exkavicrt. Nach Pilokarpin hat er den n^ch- 
sten Monaten normale Tension, es entwickelt sich aber ein grosser bogen> 
fdrmiger Gesichtsfelddefekt nach unten und die Papille wird auf der oberen Seite 
mehr und mehr randstM.ndig exkaviert. Bis 1941 halt sich die Tension mit Mio- 
ticis auf beiden Augen zicmlich binnen normalen Grenzen. Diagnose Pseudo¬ 
glaucoma O.S. Oder Glaukom ohne Hochdruck. Inzwischen kam 4.9.'39 ein 57 
jSihriger Bruder mit tiefen glaukomatdsen Exkavationen auf beiden Augen. Er 
klagte uber Sehbeschwerden des rechten Auges. Auf jedem Auge Emm. und 
S. = If. Beiderseits Bjerrumskotome nach oben und leicht erhdhte Tension 
(O.D. 28 O.S. 32 mm Hg). Nach Trepanation des linken Auges Ende Okt. 1939 
bleibende Druckerniedrigung bis 18 mm. In den nachsten Jahren wechselt der 
Druck rechts, trotz Gebrauch von Mioticis zwischen 28 und 38 mm Hg. Marz *47 
Skotom rechts bis gerade am Fixierpunkt vorbei. Trepanation O.D. von Kollege 
de Rooy. Postoperative kapill&re Blutungen ringsum die Papille, die auf Gefdss¬ 
leiden deuten, am linken Auge sind dieselben abwesend. Diagnose Glaucoma 
simplex, 

Familienbefunde: Die Bruder haben 4 augengesunde Schwester ge- 
habt: zwei sind in verschiedenem Alter an Diabetes mellitus gestorben, 
eine lebt noch und ist leicht myopisch, die andere lebt und ist ziemlich 
stark hypermetropisch. Ich fand keine Zeichen von Glaukom. Ein an- 
derer Bruder ist samt Frau und Kinder normal. Die angeblich nicht 
verwandten Eltern sollen glaukomfrei gewesen sein. Sie starben im 
Alter von bzw. 70 und 49 Jahren. Eine Xante vaterlicherseits war die 
letzten Lebensjahre unheilbar erblindet, wahrscheinlich ebenfalls 
durch Glaukom. 

Efbgang wahrscheinlich rezessiv. Das klinische Bild ist verschieden, 

Familie 14 B. 20.8.*28 Herr J.A. 76 J. alt. Rechtes Auge: Glaukoxna absolu- 
tum. Linkes Auge S 1/300 — ^ ; subakuter GlaukomanfaU, 
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Trepanatio sclerae. Bis zum 5. Tag nach der Operation normaler Wundverlauf. 
Am 5. Tag akute Aufhebung der Vorderkammcr. Seitdem Irritatio bibi, Bloc- 
kierung der Vorderkammcr durch Vortreibung der Linse. Deszemetfalten. Ziem- 
lich viel freies Pigment auf und in den Maschen der Iris. 6.9.*28 Pigment auf der 
Iris verringert, sehr wenig Pigementbeschiage an der Hornhauthintenvand, nur 
einige Pigmentnester auf der Irisvordcrfliiche. In den Maschen zwischen den 
Trabekeln befinden sich zahlreiche kleinere und grdssere, kreideweise Brdckel- 
chen, ihrem Ausschen nach an runde, ovale und polygone Kalkteilchen erin- 
nernd. 5.10.’28 Fundus verwaschen sichtbar. S. 2/20 mit Sph — 1,5. 26,10.'28 S. 

Lichtschein, starke Triibung der vorgetriebenen Linse, Vorderkammcr auf- 
gehoben, weitere Operation verweigert. Tension normal, gutes Filtrationskissen. 

Ein 83 j. Briider und eine schon gestorbene Schwester sind an Glau- 
kom erblindet. 

Nach Aussage des Augenarztes batten sie zu lange gewartet bis sie 
Hilfe gesucht batten. Die Eltern batten angeblich kein Augenleiden. 
Erbgang rezessiv? 

Fam. 15 B. Herr C.v.H. 25.9.1936, 71 Jahre alt, kommt zu mir in weit vorge- 
schrittenem Glaukomzustand. 

S. Linkes Auge: nur noch Handbewegun gen in der temporalen Peripherie. 
Rechtes Auge: S. mit Sph — 1 2/24 mit Miihe. Grosse Skotorac, oben bis zur 
Raphe retinae. Unter dem Fixierpunkt noch ein 2-10° messendes freies Feld. 
Handbewegungen in der temporalen Peripheric. Kann sich noch auf der Strasse 
allein zurecht finden. Er traufelt fortw3,hrend 2 mal taglich mit 3% Pilokarpin. 
Tension O.U. 25, O.S 18 mm. Ein Jahr spater T.O.D. 17 O.S. 19 mm. O.D.S. 
grosse und tiefe Exkavationen. 

Die altere Schwester ist glaukomfrei (eigene Untersuchung), die 
Eltern waren es wahrscheinlich ebenfalls. Ein alterer Bruder starb 
im Alter von 20 Jahren. Der nachstfolgende Bruder lebt in Indien, 
angeblich gesund. Zwei jiingere Bruder sind schon lange gestorben. Die 
jiingste Schwester ist 1921 auf dem rechten, 1927 auf dem linken 
Auge trepaniert worden. (Angaben von Roll. Otto Roelofs). Die 
Geschwister litten beide an Glaucoma simplex, Erbgang rezessiv? 

Familie 16 B. Katholische Pflegeschwester St. Zwischen ihrem 54, und 64. 
Jahr 1927-’36 hat sie mich 7 mal besucht und nur Konjunktivitisklagen gehabt. 
Wenn sie iiberhaupt Prodrome hatte, so kusserten sich diesjlben nur in nichts- 
sagenden subjektiven Beschwerden wie Tr£lnen und abends Mudigkeit. Erst 
Mai 1936 hatten sich, nachdem ich sie in 2 Jahren nicht beobachtet hatte, glau- 
komatdse Exkavationen ausgebildet. T 26 mm O.D. 28 mm O.S. Pilokarpin bis 
1938. Gelegentlich Druckerhdhung. Skotombildung und eine m&ssig konzentri- 
sche Gesichtsfeldeinschr&nkung. Mai *38 Trepanation des rechtenAuges.Leichte 
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quiet iritis*'. Normalisierung des Druckes. Obwohl die Druckverhaltnisse gut 
blieben, hat in den nachsten Jahren der Gesichtsfeldzerfall zugenommen. Die 
Sehscharfe betrug aber noch im Sommer *44 auf jedem Augc s/jo r obwohl die 
I^inscn triiber wurden und die Skotomgrenzen nahe am P'ixierpunkt vorbei- 
gingen. T.O.S. 28 mm Hg. 

Diagnose: Glaucoma simplex. 

Die Familie — Eltcrn und Geschwistern — sollen glaukomfrei 
sein, mit Ausnahme vielleicht der altesten Schwester, die in den 
letzten Jahren voi dem Alter von 80 Jahren allmahlig erblindete unter 
gleichartigen Erscheinungen, und dabei nicht mchr geholfen werden 
konntc. Eine richtige Diagnose war mit nicht zuganglich (Glaukom?) 

Erblich? Rezessiv? 

Die beiden folgenden Familien verdanke ich meinem Mitarbeiter 
Dr. H. L. DE Haas und wurden von mir vervollstandigt. 

Fam. 17 B. Herr J.C.P. (FjS) 17.10.’32, 58 J. alt. 

S.O.S. mit cyl. } 1 «/io; S 0.1). idem. Nebelsehen. Papillcn blass T.O.S. 52. 
0.1). 52 mm. Pilokarpin. 

7.2. *38 T.O.D. u. O.S. 20 mm, einige Tagc spatcr 17 mm. 

21.2. *38 O.D.S. grosse Skotome nach oben bis 10'' vom Fixierpunkt. 

25.7.'38T.O.S. 32 0.D. 26 mm, 13.2.*39 T.O.D u O.S. 38 mm. 

13.3. ’39 T.O.D 29 O.S. 25 mm. Elliott O.D.S. 

Diagnose. Glaucoma simplex. Die nicht verwandten Eltern waren bis zu ihrem 
Tode angeblich augengesund. Der Vatcr starb 87 Jahre alt, die Mutter warden 
77 Jahre alt. F27 Schwester des Vorigen ledig 5.9.'32, 49 J alt. 

O.S. randstandige glaukomatosc Exkavation T.O.S 90 O.D. 50 mm. Pilo- 
karpin. O.D. kleinc parazentrale Skotome. 

12.9.'32 T.O.S. 70 O.D. 40 mm. Diagnose: Glaucoma simplex 14.11.’32 T.O.S. 
85 O.D. 35 mm. 

4.8.’33 O.D. partielle Skotome nach oben unweit vom F'lxicrpunkt. 

18.12.'33 S.O.D. mit Spb — 1 = cyl. 0.5 ^®/io 1- 

1939 Tension wechselt von 28-30 mm Hg. * 

18.3.1935 T O.S. 100 mm 0.1). 50 mm. Trepanation O.S. wegen Schmerz- 
anfallen und leichter Rotung. also ungenugender Kompensation. 

1935“ 1939 O.D. keine Ausbreitung des Skotoms, T 30 55 mm. 

8.2.'37 S.O.D. mit Sph — 2 -= Cyl, — 0.5 i«/io. 

Eine altere Schwester (F 22 , erstgeborene der Geschwister) ver- 
kehrte ebenfalls in einem vorgeriickten Stadium von Glaucoma sim¬ 
plex. O.D.S. Sie starb im Alter von 66 Jahren an einem Magenleiden. 
Das letzte Jahr war sie ganz erblindet. Ein Augenarzt hatfe gesagt, 
sie hatte sich selbst vemachlassigt und hatte friiher geholfen werden 
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konnen. Sie hat einen stark myopischen Sohn. Der nachste Bnider 
starb 58 Jahre alt an Magenkrebs. Er hatte gute Augen wie seine Frau 
und 3 Kinder. Der Patient J.C. hat einen Sohn von 35 Jahren mit ein- 
seitiger Sehschwache durch Refraktionsanomalie und eine normale 
32 j. Tochter. Die zwei jiingeren Briider der Patienten sind noch ledig 
und augengesund. 

Diagnose: Glaucoma simplex, cinmal inkompensiert geworden. 

Erbgang: wahrscheinlich rezessiv. 

Fall 18 B. Herr J.G.v.E. (F,3), 12.11.'34 65 J. alt zeigt Gl. simplex O.D. 
T.O.l). 50. O.S. 25 mm Hg. 0.1>. tiefe Exkavaiiun, grosses Skotom nach unten. 
S. 2 /,o. O.S. kcine Ge.sichtsfelri[abweichungen. S. 1 f. Nach Pilocarpin T.O.D. 25 
mm. 1^.9.’38 stark konzeiitrische Einengung des rechten Gesichtsfeldes. S.O.D. 
i/fto. S.O.S. mit Sph -f 2 T) itt/m- T.O.D. 35. O.S. 28 mm Hg. 0.1). tiefe. O.S. be- 
ginnende Exkavation. Nachher m Utrecht und in Nijmegen openert worden. 

Kin Bruder der Vongen (F,2) ist 7 11.'38, 71 J. alt. O D.S. Gl. simplex. T.O.D. 
50. O.S. 40 mm. S.O.D. mit Sph ] 2,5 ^/lo, O.S. mit Sph f 2.5 7/10. Marz ’39 
S.O.D. nach K. C).S. 7^,^. Rechtes Auge Bogenskotom nach unten, Imkcs 
Auge dasselbc nach obeii. Die Patienten smd bei uns, nach Operationsvorschlag 
nicht wiedergekehrt. 

Erbgang: wahrscheinlich rezessiv, da weder die Eltern der Be- 
lallcnen noch die Kinder Symptome zeigen. Familientypus gleich. 
Ein Vetter II. Grades (F 2 I) erblindete durch A ftgioide Streifen mit 
zentralen Blutimgen. 

Fall 19 B. Fr. H.B. Erste Konsuitation 29,12.1916, 64 J. alt. Doppelseitiges 
glaucoma acutum. T.O.S 60 a 65 mm Hg. T.O.D. 60 mm. O.D.S. Sclerectoin- 
dectomie. S. 29.1.1917 O.D, mit Sph 4 0.75 Vs t, O.S. V 10 Kmmetropie. O.D. 
gennge Halobildung, .\trophie und glaukomatose Exkavation. O.D.S. peri- 
phere (Tcsichtsfeldcinschrankung, rechts mehr als links. Bei dieser Frau hatte ich 
besseren operativen Erfolg als bei ihrer Schwester, die mich 29.1.1917 zum ersten 
Mai konsultierte. Bei dieser Bauernfrau, 69 J. alt, war das vcrwahrloste, an 
CUaukoma absolutum — auch nach Iridektomie, — erblindete rechte Auge, vor 
6 Jahren enukleiert w'orden (beidc Operationen in der Utrechter Universitats- 
Augenklinik l>rof. Snellen Jr.) Seit Februar 1916 wurde das linke Auge mit 
Pilokarpin eingetraufelt. Ende 1916 wurde es \'on eincm Fachkollegcn wegen in- 
termittierenden Prodromen iridektomiert. 

Seitdem Kopfschmerzen und ..rauchig” Sehen tiehalten. S. bei dor ersten Kon¬ 
suitation 5 / 13 . Linsentriibung offenbar von einer kleinen Kapselruptur im Be- 
reiche des Koloboms ausgegangen. Wahrscheinlich kein Bjerrumskotom 
(schwierige Untersuchung in der dunklen Wohnung auf dem Lande). Nach der 
Wiederkehr von der Operation soil zu Hausc eine purulentc Konjunktivitis ent- 
standen sein. Diagnose: Glaucoma chronicuni inter mittens. 4.5.’17 wurde ich von 
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neuem gerufen wegen Verschlimmerung des Zustandes. Ich fand Iridozyklitis 
exsudativa mit Descemetbeschiagen, geschwollenc Linse, untiefe Vorderkammer, 
stark erhdhte Tension. 19.5.1917 Sklerotomia anterior inferior. NSLchste Tage 
Tension normal, Descemetbeschlage grdssenteils verschwunden. Linse mittel- 
stark getriibt. Eine Woche nach der Heimkchr rezidiv von Iridozyklitis, Des- 
cemetitis, Hypopyon 1 mm Hohe. Urotropin. Schmierkur. Die Patient)n ver- 
weigerte eine erneute Krankenhausaufnahme und soli spktcr erblindet sein. 
Familienphanotypus; Glaucoma intermittens, 

Familienbefund: Die angeblich nicht verwandten Eltern der 
beiden befallenen Schwestern batten keine Augenbeschwerden. Sie 
starben im Alter von bzw. 82 und 64 Jahren. Zwei Briider sind eben- 
falls glaukonifrei geblieben. Die alteste Patientin hatte 3 Sohne und 2 
Tochter, die im Alter von 71 — 63 Jahre stehen (zwei Tochter starben 
bzw. 66 und 59 Jahre alt). Ein Sohn ist katholischer Geistliche. Der 
alteste Sohn ist verheiratet und hat 9 augengesunde Kinder. Die 
zweite Patientin hat nur gesunde Kinder, die das Glaukomalter eben- 
falls erreicht haben. Erbgang vermutlich rezessiv. 

Das Endergebnis dieser 19 Geschwisterfalle ist dieses, dass sie alle 
fiir rezessiven Erbgang sprechen. Es ist kaum anzunehmen dass aus- 
gerechnet alle Falle auf unregelmassige Dominanz beruhen. Fiir Re- 
zessivitat spricht noch besonders der Fall in Sippe 9 B wo die Eltem 
Blutsverwandte sind (1 auf 19 F == 5.25%). Und ebenfalls kann fiir 
Rezessivitat geltend gemacht werden, dass nicht nur die Eltern, 
sondern ebenfalls die Kinder, die das Glaukomalter schon langst er- 
reichten (Sippe 1 B, 2 B, 3 B, 6 B, 10 B, 12 B, 19 B) sowie diejenigen, 
die bei eventueller Antizipation an das Alter heranriicken (4 B, 7 B, 
9 B, 11 B) glaukomfrei geblieben sind. 

Das klinische Bild war in derselben Familie 10 mal gleich, 2 mal 
ungleich (10 B, 13 B), 2 mal anfangs ungleich (8 B, 9 B), 1 mal spater 
ungleich (17 B). Das gleiche Familienbild war 7 mal Gl. simplex und 
3 mal Gl. intermittens. 

Grupp)e C. Solitare Falle 

Die Neigung um die vielen Einzelfalle von (prae)senilem Primar- 
glaukom als nicht erblich bedingt zu betrachten, entspricht der wirk- 
lichen Sachlage nicht, was sofort klar wird, wenn man auch bei diesen 
Fallen Familienforschung treibt. Hier folgen meine diesbeziiglichen 
Erfahrungen. 
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Fam. 1 C. 16.3.1919. Frau K. (FjS) 57 J. alt. Beiderscits leicht inflammatori- 
ache Reizerscheinungen und randst^ndige Exkavationen mit 3 D. Niveau> 
Unterschied. T.O.S. 52. O.D. 58 mm Hg. £ine Monat sp&ter nach standiger 
Pilokarpinbehandlung T.O.S. 42. O.D. 52 mm und stark konzentrische Einen- 
gung der Gesichtsfelder. Skotome auf beiden Augen nach oben und untcn. 

16.4.* 19 Trepanation des rechten. 24.4.* 19 des linken Auges. Glatter Hei- 
lungsverlauf. 13.11.*19 S.O.S. mit cyl. — 0.25 v. 5/^^ f. S.O.D. mit Sph — 0.5 
Ccyl. — 0.25 3/5 f. 

Pilokarpin gab fortwahrend sehr krkftigc Pupillenverengerung. An der Spalt- 
lampe konnte man einwandfrei beobachten, dass es ein physiologischcr Pupillen- 
verschluss nicht gab. Weder vor noch nach den Operationen haben sich mehr als 
normal zu erwartenden freie Pigmentkdrner in und auf der Iris gebildet. Obwohl 
im Laufe der folgcndcn Jahre niemals mehr pathologische Druckerhohung 
aufgetreten ist und wiedcrholte Messungen an verschiedenen Tageszeiten hdch- 
stens 24 mm Hg ergaben. ist der glaukomatdse Prozess dennoch fortgeschritten 
und hat sich eine immer std.rkere Gesichtsfeldeinschr^nkung entwickelt. Zu 
gleicher Zeit entstand allmkhlig eine Linsenmyopie. die im Jahre 1925 auf dem 
linken Auge 5 — 6.5 1). und auf dem rechten Auge lOD erreichte, im Jahre 1927 
bzw. 9 und 10 D. Sie hat bis auf wenigc Monaten vor dem Lebcnsende immer 
noch einen Teil der Fovea mit tcmporalen perifovealcn Partien und temporal 
vom blindcn Fleck Gesichtsfeldresten behalten. Darmleiden, Gallenleiden und 
Arterio.sk]erose sind hinzugekommen. Diagnose: Glaucoma inflammatoHum 
chromcum. 

Der Ehemann war ihr Vetter. Die Mutter der Eheleute waren Schwester und 
die Vater der Eheleute Brixdcr. In Seitenzwcigen der Familie sind noch zwei 
Falle von Glaukom vorgekommeii (s. Stanimbaum). 

Dor Ehemann (F38), Herr P.C.K. konsultierte mich 18.4.1922 zum ersten Mai, 
62 Jahre alt. Das linke Auge wies eine etwas crweiterle, trSge reagierende 
Pupille auf und hatle randst^ndige Exkavation. Das Gesichtsfeld war zentral 
schmal strcifenfdrmig und war mit einem grdsseren temporalen Rcstfeld durch 
den blinden Fleck verbunden. Das rechte Auge zeigte geringe Abblassung und 
Exkavation der Papille bei fast normalen Gesichtsfeldgrenzen. Beidc Irides 
waren grau und pcripupill&r atrophisch, gelegentlich mit intrastromalen Klum- 
penpigmentzellenbildungen (nicht iibermkssig viel). T.O.S. nach Pilokarpin 27 
mm. 

Bis hieher hat sich das rechte Auge unter Pilokarpin immer gut bewahrt; das 
Licht des linken Auges ist zuerst zentral im Laufe von 6 Jahren und nachher 
auch peripher erloschen, obwohl die Druckerh6hung bei Messungen daselbst 
niemals mehr als 32 mm Hg, auch morgens friih nicht, betragen hat und ge> 
wdhnlich unter Pilokarpinbehandlung normal war. Auch nach dem Erlbschen 
wechselte der Augendruck O.S. zwischen 22 und 28 mm Hg. 

Am rechten Auge Tension am 9.11.'37 im Alter von 77 Jahren noch 25 mm; 
und meistens weniger. Zwischen *38 und *40 entstand rechts ein Bjerrumskotom 
nach unten. Wegen Ausbreitung desselben und zunehmender peripherer Ein- 
schr&nkung Trepanation O.D. mit gutem Erfolg. 

Diagnose: Glaucoma simplex. 
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Die Eltern der Ehefrau sind ein Monat nach einander im Alter von 39 bzw. 
36 Jahren an Typhus erlegen. So lasst sich nicht entscheiden ob einer von ihnen 
in hohercm Alter van Glaukom erkrankt sein wiirde. Der Vater desEhemanns 
starb 74 Jahre alt, angeblich glaukomfrci; seine Mutter, die ich wiederholt un- 
tersuchte, starb im Alter von 98 Jahren und war cbenfalls glaukomfrei. sie 
zeigte nur geringe Katarakt. Der Ehcmann war einziges Kind. Die Ehefrau hatte 
3 augengcsunde Schwester und einen dito Bruder, bei deren Nachkommen 
kein Glaukom vorkommt. Dagegen war eine Xante vaterhcherseits der Ehelaiite 
in sp3,terem Alter auf beiden Augcn an kon^esUvetn Glaukom erkrankt, sodass sie 
von Kollegen Schutter dafiir beidseitig operiert wurde. Schliesslich musste ein 
Auge entfernt werden. Diesc Frau hat das I^iden als solches nicht weiter vcr- 
erbt. Auf der vaterlichen Seite des Ehepaars ist noch ein weiterer Glaukomfall 
vorgekommen bei einer Tochter eines Bruders beider Vater, Sie erlitt einen 
suhakuten schmerzhaftcn Anjall, der aber noch gerade durch Pilokarpin behoben 
wurde. Diese beiden Falle bei Vonvandten raachen e.s naheliegend, dass die 4 
Eltern unserer Ehepaars heterozygotisch belastet gewesen sind, zumal da die 
letztgenannte Patientm einer entferntcn blutsverwandten Ehe cntsprosscn war. 

Die obenbcsprochencn Eheleute waren in diesem Fall je homozy 
f![otisch befallen. Und so wiirde man erwarten, da.ss ihr einziger Sohn 
ebenfalls an Glaukom erkranken wiirde. 

Dieser Sohn ist debil und hat bis zu seineni 46. Eebensjahr keine klinischen 
Glaukomerscheinungcn gehabt, obwohl er dafur etwas verdaehtig wurde. Im 
Alter von 35 Jahren (1930) fand ich auf beiden Augen normale Papillen, ohne 
Unterschied des Bildcs, und auf jedcni Auge S. ’/lo und Hm 0.5 1>. J uni 1939 finde 
ich S.O.D. V«o A init cyl 1 0.25 D. S.O.S. Hm 0.5 D. Hornhautdurch- 
messer O.D.S. 11.25 mm, etwas untiefe Vorderkammer. Tension O.D. 28 mm. 
O.S. 22 mm. Das rechte Auge zeigt jetzt eine zontral weissliche, noch physiolo- 
gische Exkavation mit normalem Gefasstrichtcr und normaler rosarotlicher 
Peripherie, auf dem linken Auge ist die Papillc vollkommen flach, rosafarbig, 
mit normalem Gefasstrichtcr. Subjektiv fehlt Regeiibogensehen, aber er hat 
mehrmals ..rheumatischc” Kopfsehmerzen, Schwindel und Mudigkeit auf der 
Stra.sse beim Sehen und Gchen. 

November 1939 finde ich T.O.D. 35 mm Hg. O.S. 27 mm Hg. Die Gesichts- 
felder sind oben und nasal 10-25'' eingcschrankt. Ein beginnendcs Glaukom wird 
wahrscheinlicher, obwohl die Gesichtsfeldaufnahmen nicht vollkomfnen zuver- 
lassig sind. Einerseits verursacht die grosse Nase einen mehr als normalen Ge- 
sichtsfelddefekt, anderseits ist die Intelligenzschwache einigermas.sen stOrend, 
obwohl der l*atient sein Bestes tat (der Kopf ist schmal dolichocephal: 17.4 
grbsste Lange, 13.75 grbsstc Breite, 51 cm Umfang). Es wurde Pilokarpin ver- 
ordnet. Nach der Evakuation von Arnhem sehe ich den I’atienten in seinem 53. 
Lebensjahr wieder. Sein rechtes Auge .steht divergent und ist jetzt vollkommen 
erblindet (T. 52 mm), sein linkes Auge ist in fortschreitondem Riickgang 
begriffen (T. 38 mm). O.D.S., tiefe randstandige Exkavationen. O.S. Trepana¬ 
tion nach Elliott. Bogenskotome. Gesichtsfeldeinschrankung. besonders unten 

Diagnose: Glaucoma simplex. Erbgang: hochstwahrscheinlich rezessiv. 

In der Familie mehreve klimsche Bilder. 
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Fam. 2 C. Fraulein W.L.M. konsultiert mich 16.2.’46 im Alter von 66 Jahren 
wegen Sehschwache des rechten Auges. Prodrome sind nicht vorangegangen. 
Status praesens: S.O.D. mit Sph — lC:cyl h 1,5 hor. s/is S.O.S. mit cyl. -f 
0.5. 5/« rechte Pupille ist etwas weiter als die linke. Die linke Iris ist grau 
mit einem schmalen gelben jieripullaren Ring. Das Stromagewebe scheint 
daselbst eine Spur dichter als rechts, wo nahezu kein gelblicher Farbstoff 
vorkommt. Keine Deszemctitis. O.D.S. Obsc. lentis punctatac. Hornhaute klein 
(< 11 mm). Keine Zeichen von Dysgenesis mesodermalis. Normale tiefe Vor- 
derkammer. O.D.S. normales Makulagelb, keine Papillenabweichungen. 

31.3.'47 Leichte Herabsetzung der Sehschiirfe des rechten Auges bis V 20 f- 
T.O.D. 57 mm Hg O.S. 28 mm Hg. Papille O.D. leicht exkaviert. Gesichtsfeld 
stark eingeschrankt, was die Patienten selber in den letzten Monaten subjoktiv 
ge.spurt hat. Nach Pilokarpin wahrend 2 Wochen: T.O.D. 40 mm Hg, O.S. 31 
mm Hg. Mai '47 Trepanation des rechten .Auges, gutes Filtrationskissen. Nor- 
malisierung des .Augendrucks auf 17 mm, was seitdem mit klemen Schwankungen 
so geblieben ist. Druck links verschiedcn Jan. '48 O.D.S. leicht-glaukomatdsc 
Kxkavationen. 

Die Patientin hat 1 alteres Hriiderchen gehabt, das 1 Jahr nach der Geburt 
starb. Kin jungerer Bruder lebt und ist mit Frau und Tochter augengesund. Die 
KItorn der Patientin sind jung gestorben {Vater geb. 1858, gest 1896, Mutter 
geb. 1860, gest. 1897). Sie waren Vetter und Babe. Ob sie m hbherem Alter noch 
Cilaukom bckommen hatten ist unbekannt. Die (irossellern, die alle alter ge- 
wiirden siqd, waren angeblich glaukomfrei, sowie der gemeinschaftliche Ur- 
gross vater vater- und mutterlicherseits. Dieser hatte abcr einen Halbbrudcr, 
(lessen Sohn cbenfalls an Glaucoma atniplex gelitten hat und mem Patient war 
von 1918-1925. Dieser war Ingenieur in Chili gcvve.sen. Ich besitze noch alle seine 
(iesichlsfeldaufnahmen. Kr wurde von mir auf beiden Aiigen trepaniert. Ich 
habe nicht nachweison konnen, dass auch dessen Kltcrn mit einander verwandt 
waren. Sein Vater hat zweimal geheiratet. Die beiden Ehefrauen waren Kusinen, 
man konnte mir aber nicht aussagen ob sic mit ihm verwandt waren. Dieser In¬ 
genieur hat n<3ch 3 Icbende Kinder, die jetzt bzw. 54, 52 und 51 J. alt und an¬ 
geblich glaukomfrei sind. 

Diagnose bei zwei entfernten Blutsverwandten: Glaucoma simplex. 
Die Blutsverwandtschaft bei den Eltcrn der einen Patientin sowie das 
Freibleiben von Glaukom bei den Kindern des anderen Patienten, 
maclien einen rezessiven Vererbungsmodus sehr wahrscheinlich. 

In dieser Sippe babe ich noch eine vor mir operiertc Frau mit Gl. 
chron. intermittens dargestellt. Den Ziisammenhang konnte ich noch 
nicht mit vollkommener Sicherheit beweisen. Er ist aber wohl sehr 
wahrscheinlich. 

P'am. 3 C. Frau L.W. bekommt im Jahre 1920 im Alter von 48 jahren einen 
akuten Anfall von Glaucoma fulminans des rechten Auges, wobeisich in kurzer 
Zeitfrist eine tiefe Kxkavation ausbildet. Zwei Wochen nachdem das erste Auge 
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iridektomiert war und es nichtsdestoweniger Cataracta stellata posterior und pro¬ 
gressive Atrophie des Pigmentepithels der Iris mit Vortreibung der Linse be- 
kommen hatte, erleidet das linke Auge ebenfalls einen akuten Glaukomanfall, 
der mit Elliott behobcn wird, wobei ein temporarer Glaskdrpervorfall im Tre- 
panationsloch zustande kam. Kurz danach Linsenextraktion des rechten Auges, 
kompliziert durch Chorioidealblutung, was zur Enukleation fiihrte. Beide Augen 
orkrankten unter fulminanten Erscheinungen, wobei eine ringfdrmige blaue 
Verfarbung der Sklera zur Hdhe des Ziliarkdrpers auftrat. Nachdem das linke 
Auge zu Ruhe gekommen war, zeigte es eine Papilla albescens ohne Exkavation. 
Vom Gesichtsfeld blieb nur ein oberer Teil und etwas mehr als das Gebiet des 
papillomakularen Biindels erhalten. S. nach Korrektion des vorher schon fa¬ 
miliar anwesenden starken Astigmatismus von 7 D. 3/12 f. Starke Pigmentaus- 
schwemmung in der Vorderkammer gegen Kammerbucht und Hornhaut und 
auf der Iris und Linsenkapsel. 10 Jahre spkter wurde Diabetes fcstgestellt wobei 
die Patientin stark myopisch wurde mit progressiver Linsentriibung. 1931 intra- 
capsulare Kataraktextraktion. S. nachher nach Korrektion Ini Laufe 

der n&chsten Jahre wiederholte Neigung zu Druckerhbhung. Fortwiihrend Pi- 
lokarpin und Eserin. Die Filtrationnarbe wird mehr und mehr ektatisch. 1939 
Herabsetzung der Sehscharfe durch nicht diabetisch anmutende feinfleckige 
Makulctdegenerahon. M&ssige Herzbeschwerden. Der Diabetes verlSuft leicht. 
Es ist immer eine leichte Optikusatrophic ohne Exkavation nach geblieben. 

Familienverhaltnisse: Ein alterer Bruder starb im Alter von 58 
Jahren und eine jungere Schwester im Alter von 63 Jahren. Beide 
waren glaukomfrei. Der Vater wurde 58 Jahre alt, die Mutter 69 Jahre. 
Auch diese haben nicht an Glaukom gelitten, waren aber Vetter und 
Base, sodass es nahe liegt in dieser Familie anzunehmen, dass, wenn 
das Glaukom hier vererbt wurde, der Erbgang ein rezessiver ist. Meine 
Patientin hat 10 Kinder, 51 —33 Jahre alt und allc glaukomfrei. 
Auch das spricht gegen Dominanz und gewiss gegen Dominanz mit 
Antizipation. 

Fam. 4 C. Frau de "W.—F. 1943. 74 Jahre alt, hat einen subakuten Glaukom'- 
anfall auf ihrem rechten Auge, der durch Pilokarpin und Eserin znm Stillstand 
kommt. Die Pupille bleibt queroval. Die Iris wird drtlich atrophisch nicht nur 
im Stroma, sondem auch temporal an einigen Stellen des Pigmentepithels. 
Die Linse ist beiderseits leicht getriibt. Die Sehscharfe ist rechts Vio (Emm), 
links 4/]o (Hm 2D). Die Papillen sind nicht exkaviert. Die Tension ist links mit 
Pilokarpin an der oberen Grenze von normal. Das Gesichtsfeld zeigt O.D. leicht 
konzentrische Einengung ohne Skotome. Nachher entsteht eine myopische 
Linsenschwellung bis 6.5 D. 

Diagnose: Glaucoma intermittens. 

Familienverhaltnisse: Die Eltern batten kein Augenleiden. Sie waren 
Vetter und Base II Grades (die Uiigrossraiitter waren Schwester). Die 
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Patientin ist die alteste von 5 Geschwistern, die angeblich augenge- 
sund sind oder gewesen sind, denn 2 Briider sind schon gestorben. 
Erbgang: wahrscheinlich rezessiv. 


Fam. 5 C. H.M. 63 J. alt, war vor oinigen Jahrcn auf beiden Augen wegen 
Glaucoma simplex trepaniert worden. Er zeigt gut fistuherende Narbcn. T.O.D. 
17, O.S. 12 mm Hg. S. auf jedeni Augc mit Cyl. -f- 1 b.z.w. 1.5 > V.i6. Beiderseits 
stark konzcntrische Gesichtsfeldcinengung bis 20° wobei rcchts und links die 
obere Halfte libcr dor Raphe fast ganz verschwunden ist. Viele kortikalc Linsen* 
trubungen. Auf beidcn Augen sind zentral sonderbare nicht pigmentierte wachs- 
artig anmutende grobc fletschfarhtge JJegeneratwnsherde vorhanden, sowohl 
foveal als perifoveal. Die T^apillcn sind glaucomatos exkaviert. Die Viirder- 
kammer sind normal und nur temporal etwas unticf. Die Skleren reichen ziem- 
lich weit vorwiirts ohne dcutliche Limbusausbildung. 

Sonstige Falle von Glaukom sind nicht in der Familic bekannt. 
Seine einzige von mir untersuchtc jiingere Schwester hat normale 
Augen. Die Kltern sind jung gestorben, dcr Vater im Alter von 47, 
die Mutter im Alter von 28 Jahrcn. Sie waren Vetter und Base. Dcr 
Vater sowie die Mutter und alle ihre Geschwister sollen normale Augen 
gchabt haben, wie auch die 4 Gro.sseltern. Dcr Grossvater vater- 
licherscits starb im Alter von 59 Jahrcn, die Grossmutter im Alter von 
plm. 80 Jahrcn. Fs i.st nicht ganz sicher festzustellen ob das Glaukom 
in dic.sem Fall auf rezessiver Grundlagc vererbt wurde, da die Kltern 
das crforderliclie Ausbruchsalter nicht erreicht haben. 

In den Fallen 15 waren die gesunden Eltern blutsverwandt. 
Ks mdgen nun einige Falle folgen wo noch andere Fiille bei Verwandten 
sicher oder wahrsclieinlich vorgekommen sind. 


Fam. 6 C. Frl, S.A. 43 J. alt, kommt zur erston Konsultation mit T.O.D. 40. 
O.S. 32 mm Ilg. O.D.S. Emmetropic. S.O.D. 7/io, O.S. 8/io. Wegen ungeniigender 
Thlokarpinwirkung Okt. *44 Elliott O.S. 1945 Elliot O.D. O.D. massige, O.S. 
keine Exkavation. O.D.S. konzcntrische Gesichtsfcldcinschrankung, besonders 
oben. Diagnose: Gl. chromeum intermittens. 1948. Kataraktbildung. S.O.D. 2 / 10 , 
S.O.S. 7/,o. 

Familienbefund: Sehe Stammbaum. Alle Familienmitglieder glau- 
komfrei mit Ausnahme einer Tochter eines Grossonkels miitter- 
licherseits, die von mir operiert wurde und auf dem linken Auge ein 
Gl. absolutum degenerativum bekam, wahrend rechts der Druck wieder 
normal wurde nach einer Linsenextraktion. 


Genetica XXV 


8 
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Fam. 7 C. Herr G.J.R. 69 J. alt. M^z 1937. Akutes Glaukoni des linken 
Auge.s. Untiefe Vorderkammer. Iridectomie. Dezember 1943. Akutes Glaukom 
des rechten Auges. Iridectomie. Patient ist der Alteste von 10 noch lebenden 
Gcschwistem, deren keiner untcr augenarztlichor Behandlung ist; 4 andere 
Kinder .sind jung gcstorben; eine Schwester und ein Bruder sind vor ein Paar 
Jahren gestorben. Sie batten kcine Augenbeschwerden. Der Patient selber ist 
unverheiratet. Wenn er allein unter 12 erwachsenen Gcschwistem befallen ist, 
ist entweder dieser Fall nicht-erblich, oder die Anlagc ist mutativ neu-entslan- 
den und pflanzt sich glucklichcrweise nicht weitcr fort, oder es konnte sich um 
ein rczessives Merkmal handeln, das zufalligerweise nur bei einer Person ans 
Licht trat. Man kommt bier nicht weiter, da der Patient zwar angibt, das seine 
Eltern augengesund waren und dass seine (»rossm utter mutterlicherseits nach 
vergeblicher Augcnoperation erblindet war, aber es Hess sich nicht mehr ausfinden 
ob es sich da um Katarakt oder Glaukom gehandclt hat. Das letztcre ist aller- 
dings bei nicht-erfolgreicher Operation etwas wahrscheinlichcr. 

Fain. 8 C. Herr J.v.T), konsultiert mich Januar 1946 zum ersten Mai im Alter 
von 50 Jahren. Ohne je etwas gespiirt zu haben, hat er kiirzlich entdeckt, dass 
scin linkes Auge nahezu blind war. Status praesens. T.O.D. 35 mm, O.S. 60 mm 
Hg. S.O.S. cxzentrische Bewegungswahrnehmung (nach Haitz grosses zentrales 
Skotom). S.O.D. 0.8 Emmetropic. O.D tiefe, noch nicht randstandige, O.S. tiefe 
randstiindige Exkavation. 0.1). noch keine Skotomc. IMlokarpin Da die Tension 
rechts nicht unter 32 mm sinkt, Elliot. Danach gute Filtration. T.O.D. 21 mm. 
Beide Irides sind blau, sie haben sehr dtinnes hypotrophisches Stroma, das l*ig- 
mentblatt ist an mehreren Stellen durch das hintcre Stroma blatt sichtbar. Das 
Vorderblatt ist sehr kryptenreich und cnthalt auffallende Dcfekte, besonders im 
linken Auge. Links ebenfalls einige ektatische Trisgefassc. Vorderkammer normal 
tief. 

Diagnose: Glaucoma simplex. 

Familienverhaltnisse: Der Patient hat angeblich 3 augengesimde 
jiingere Briider. Der Vater starb im Alter von 48 Jahren an einem 
Nierenleiden, die Mutter im Alter von 81 Jahren. Sie hattc niemals 
eine Brille und konnte bis zum letzten lesen, nahen usw. Auch der 
Vater war nicht augenkrank. Dieser hatte 5 normale Schwester und 
eine Schwester, die schon im Alter von ± 55 Jahren, J- 17 Jahren vor 
ihrem Tode anting schlechter zu sehen. Die letzten Lebensjahre 
lief sie tavStend am Wande entlang. Ausserlich waren die Augen nor¬ 
mal, niemals rotlich-cntziindet. Die Nachkommen wissen nicht mehr 
ob sie je einen Augenarzt konsultiert hat. Da sie zwei Tochter und 
zwei Sohne hat, die bis im 5. Dezennium nicht fiber die Augen klagten, 
ist es nicht wahrscheinlich, dass ihre Mutter an erblicher Katarakt ge- 
litten hat. Der Beschreibung nach ist es wahrscheinlichcr, dass es 
ebenfalls Glaukom gewesen ist. Erbgang: rezessiv? dominant? (regel- 
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massig odcr unregelmassig?) Da der Vater meines befallenen Patien- 
ten ziemlich friih gestorben ist, ware es moglich, dass er in hoherem 
Alter ebenfalls niit Glaukom behaftet gcworden ware. t)ber die Gross- 
eltern vaterlicherseits konnte ich keine Nachrichten bekommen. Die 
Familie mutterlicherseits soil glaukomfrei gewesen scin. 

Fam. 9 C. Herr G.H., 15.5.1919, 64 J. alt. O.D.S. Excavatio glaucomatosa 
(0.13. 4 1). Niveaudifferenz zwischen Boden und Rand der AushQhlung). Linkcs 
Auge amaurotisch, rechtes Auge S. Veo. mit Sph. | 1*6 D. *l 2 o- Link.s Coloboma 
iridis artificiale. Voriges Jahr gleich nach der von einem Fachkollegen ausge- 
fiihrtcn Iridektomie Sehakt crloschen. Pilokarpin. P /2 Jahre spater S. des rechten 
Auges stark verringert mit exzentrischer Fixation. Seine Ehefrau, dieeinc Kusine 
2. Grades ist, hat normale Augen mit leichter H 3 ^ermetropje. t)ber die Augen 
der Eltern ist nichts besonderes bekannt. Die Mutter soil ihre 81 Leben.sjahrc gut 
gesfhen haben; der Vater ist 55 Jahre alt gestorben. Zwei jiingere Schwester und 
ein Bruder haben gute Augen. Der Patient hat 5 Sdhne und 2 Tochter. 

Herr E.D.H., altester Sohn. 12.3.*40, 57 Jahre alt, konsultiert mich da er vor 
einem Monat am Utrechter Bahnhof und gestern erneut plotzlich Vcrschwom- 
mensehen des linken Auges gespiirt hatte, das bis heute anhiclt. Status praesens: 
O.D.S. tiefc, nicht randstandige Exkavationen. O.S. dunkele kongestive Venen 
ira Augenhintergrund und 2 kleine Blutungen am Rande der Fovea, An dieser 
Stelle war ein parafoveales, absolutes Skotom vorhanden. Tension O.S. 17 mm 
Hg. S.O. S. S.O.D. mit Sph j- 0.75 ^1$. Zwei Jahre spater Wiederholung 
des Prozosscs im linken Auge. S.O.S. Vm mit Miihe, zentralcs Skotom fiir Farben, 
wieder eine kleine Blutiing unweit vom Fovearande mit Gcfasserweiterung am 
Papillenrande. Die Beschwerden cntstanden nach einer emotionellen Unter> 
haltung mit BesatzungsbehOrden, In den beiden nachsten Jahren blieb das 
rechle Auge normal, das linke behielt ein zentrales Skotom, das im Haitz 'schen 
Stereoskop ein grosses Feld einnahm, sodass nur linksoben wieder perzipiert 
wurdc; uberdies konzentrische Einengung des Gesichtsfeldes. T.O.S. 24 mm 
Hg. Pilokarpin wegen Verdacht auf l^seudoglaucoma, obwohl die Exkavationen 
noch nicht deutlich pathologisch waren. 1947. O.D. normal, O.S. fcingrau pig- 
mentiertes Foveagebiet ohne Degenerationsherde. Offenbar hatte das Pigment- 
epithel daselbst etwas gelitten. Tiefe Exkavation mit Abknickung eines Ge- 
fasszweiges. T. 24 mm Hg. Ende 1947: beide Papillen haben Halo's ausgebildet. 
Auch das rechte Auge hat jetzt eine ortliche Gefassabknickung. Blutungen des 
linken Auges vdllig verschwundeii. Diagnose unklar: einiges geht in die Richtung 
des Pseudoglaucoma, jedenfalls auf einem Auge. GefSasstdrung toils unter emo¬ 
tionellen Einfliissen. In einer Ehe mit einer Base (Onkel’s Tochter) die im 6. 
Dezennium Cataracta post, erwarb, erhieltereinen Sohn mit leicht rotatorischem 
Nystagmus und Hyperphorie des rechten Auges, sowie eine normale Tochter. 

Herr J.G.H., 17.5/32, 44 J. alt. Dritter Sohn des Glaukompatienten. Er be- 
sitzt auf beiden Augen grosse tiefe, noch ph 3 ^iologische Exkavationen der 
Papillen ohne subjektiven Beschwerden. 11.2.'33, Tension O.D. 21mm, O.S. 
25 mm Hg. S. lo/io Emmetropie. 25.10.*33, Status quo. 16.9.*36, Tiefe Exkava- 
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tionen. Keine Skotome. Gesichtsfelder pcnpher normal. Niemals Farbensehen 
Oder Kopfschmcrzen. Optikusbefund glaukomverdachtig, klinisch aber nicht 
sicher zu diagnostizieren Ks bleibt fragUch ob die Papillenexkavation sich 
durch 1 )ruckcTb6hiing ausgebildct hat. Man musste dann eine ganz allmahliche 
Anpassung an Icichte Druckerhohungen ohne ernste Schubc denken. 1939, 
Papillcn blass geworden. T.O.D. 31 mm, O.S. 21 mm. Keine Skotome. O.S. 
Exkavation randstaiidig. Zum ersten Mai Pilokarpin verordnet. 1941: Dcr 
Mann hat halbseitiges Schwitzen bekommen, was auf Sympathicusreiz deutet. 
Die bcidseitigen Exkavationen zcigen noch keine (k*fa.ssunterbrechung. T.O.D. 
und O.S. 22 mm. 1943 Status quo. T.O.D. 22 mm, O.S. 28 mm, mit an einer 
Stclle Ocfassknickung. 1945. Druck beiderseits normal. 1947, wieder leichte 
Druckerhdhung des linken Augos. Keine Skotome. Diagnose: pseudo^laucoma- 
aftiger Zustand, bzw. anfangendes Glaukom. Seine Ehefrau hat eine Myopie 
von 5, bzw. 3,5 D. Von 10 Kindern dieses Ehepaares wurden 8 leicht myopi.sch. 
Keincs zeigt angeborcne oder infantil erworbene Papillenexkavationen. 

Tn dieser Familie lasst sich vom Frbgang nichts aussagen, angc- 
nommen dass Vererbung vorliegt. Man fragt sich ab ob der Erbmodus 
viellcicht unvollkommen rczessiv sei iind ob die Symptome bei 2 
Sohnen ein heterozygotisch- intermediares Bild darstellcn. 

t}ber die nachsten Familien IOC — 26 C vverde ich mich kurz fas- 
sen, da die Abbildungen fiir sich selber sprechen. Ks sind idles so- 
litarc Fade, wo ich keine weiteren Behaftete iind keine Verdiichtige 
in der Familie auffinden konnte. Es hat sich uni (il. simplex gehan- 
delt in den Familien 10, 12, 14, 16, 17, 18, 20, 21, 23 und 26. Dabei 
haben in den Familien 10, 14, 18 und 21 die Kinder das gefiihrdete 
Alter schon erreicht. In den Familien 13, 19 und 24 hat ein Gl. chro- 
nicum intermittens vorgelegen, in der Familie 15 ein beidseitiges 
subakutes und in der Familie 11 ein beidseitiges akutes Glaukom. 
Schlicsslich war in dcr Familie 25 ein Pseudoglaucoma vorhanden mit 
alien typischen Papillcnabweichungen und Gesichtsfeldstdrungen, 
aber immer ohne Druckcrhdhungskurve, selbst nicht nach provo- 
katorischen Massnahmen. Es ist deshalb unsichcr, ob der Fall iiber- 
haupt hier gehort. Beim Fall 10 C sind nachher im linken Auge Fun- 
dushaemorrhagicn aufgetreten. 

Fragen wir schiesslich nochmals ob beim (prae“)senilem Glaukom 
ein rezessiver Erbgang ebenfalls in Frage kommt, so meine ich das 
bestimmt bejahen zu miissen. Meine Ergebnisse verbieten mir voll- 
kommen diesen Erbmodus ohne weiteres in Abrede zu stellen. 
Man ist gar nicht veranlasst, nur deswegen, dass die Cataracta 
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senilis und die senile Makuladegeneration offenbar dominant vererbt 
werden konnen, anzunehmen, dass solches nun fiir alle (prac)senilen 
Erbmerkmalen gilt. Warum sollten diese aiich nicht teilweise re- 
zessiv-erblich sein? 

Wir besitzen einige Kriterien fiir rezessive Vererbung. Wenn ein 
Merkmal in mehreren Geschwisterreihen bei etwas mehr als 25% der 
Kinder gesunder Eltern vorkomnit* was bei den vielen kleinen Fa- 
milien gewohnlich bedeutet, dass nur ein Kind befallen ist, darf man 
dariim allein noch keine rezessive Vererbung annehmen. Diese kommt 
erst ernsthaft in Frage, bzw. wird erwiesen: 

P. wenn cine exogene Pathogenese unwahrscheinlich ist, 

2^. wenn der Charakter der Abweichung dysplastisch oder dystro- 
phisch-degenerativ zu scin scheint, 

3"’. wenn F.Z. viel haufiger konkordant sind als Z.Z. und Z.Z. viel 
haufiger diskordant als i'.Z. sind, 

4®. wenn die Anzahl der Befallenen bei zunehmender Geschwister- 
zahl wachst, aber von ^-iemlicli weit entfernt bliebt, und wenn die 
Belallencn selber, auch bei grosser Kinderschar, keine befallcne direkte 
Nachkommen haben, 

5°. wenn die Frequenz der Blutsvcrwandtschaft dcr gesunden 
Eltern den Mittelwert bei der allgemeinen Bevolkerung einwandfrei 
iibersteigt, 

6°. wenn man zuweilen bei Familien mit Merkmalstnigem mehr 
Oder weniger entfernte gemeinschaftliche Vorfahren der Flternpaarc 
findet, 

7*^'. wenn zuweilen auf beiden Seiten bei Kollateralen die Abwei¬ 
chung vorhanden ist, 

wenn zwei Merkmalstrager nur befallene Kinder bekommen. 

Die Punkte l®-3° sind kein Prarogativ von rezessiver Vererbung, sie 
gelten fiir Vererbung iiberhaupt, also ebenfalls bei Dominanz und 
kommen fiir das Primarglaukom gewiss in Betracht. Wahrend beim 
Glaucoma infantile schon 5 konkordante und keine diskordante 
E.Z., jedoch 3 diskordante Parchen und ein diskordantes gleichgc- 
schlechtliches Z.Z. Paargefunden wurden, lasst das karge Zwillings- 
material des Schrifttums fiber Glaucoma (prae)senilenoch vollkommen 
im Stiche eine Entscheidung fiber die Bedeutung und die Durch- 
schlagkraft der Erbanlagen zu treffen. Zwei konkordanten E.Z. Paaren 
gegeniiber fehlen die Z.Z. Paare noch ganz. 



1 18 P. J. WAARDENBURG, UBER DAS FAMILIARE VORKOMMEN UND 


Wenn ich die Familien meines Materials streiche, wo vorlaufig 
doniinanter Erbgang wahrscheinlicher scheint als Pseudodominanz, 
macht cs den Eindruck ob Punkt 4° gilt. Die Sippen wo mehrere Kin¬ 
der von Erkrankten das gefahrdetc Alter erreichten ohne selbst be¬ 
fallen zu sein, spricht in diese Richtung. Des weiteren finde ich: 


Zahl der P'amilien 

^ , Anzahl Glaukom 

AnzahJ Kinder , 

patienten 

Anzahl 

Normaler 

im Er- 

kran- 

kungs- 

alter 

29 Fam. mit 1 Pat. 

123 (4.24 pro Fam.) 29 (J-23.5 ±3.82%) 

94 

15 Fam. mit 2 Pat. 

76 (± 5 pro Fam.) 30 (±39.4 ±5.60%) 

46 

1 Fam. mit 3 Pat. 

6 ( 6 pro Fam.) 3 

3 

Total: 45 

205 ( 4.5 pro Fam.) 62 (^30.2 ±3.21%) 

143 


Die Belege fur Punkt 5^^ wurden im Text schon an mehreren Stellcn 
erwahnt. Die Tatsachc, dass ich in 45 Stammbaumcn mit 50 Familien 
ohne dominante Vererbung 6 mal = 12% Konsanguinitat dcr nor- 
malen Eltem antraf, was sich zu 7 mal auf 51 Familien = 13.7% 
erhoht, wenn ich die konsanguinen befallenen Eltern (Fall I C) hinzu- 
zahle und auf 8 Mal auf 52 Familien - -} 15.4^/o hinauskommt, 
wenn die Ehe eines Befallenen mit seiner nicht-befallenen Base 2. 
Grades (Fall 9 C) mitgerechtnet wird, gibt zu denken. 

Im Anfang dieses Jahrhunderts betrug die Zahl der konsanguinen 
Ehen in der niederlandischen Bevolkerung 1—2%. Diese Zahl war 
10 Jahren auf 0,6% gesunken. In meinem Material ist deshalb 
der Bevolkerungsmittelwert 6-25 mal iiberstiegen ^), was wohl zu 
einer besseren Deutung als derjenigen des Zufalls mahnt. Gewohn- 
lich halt man mit solchen Ziffern den rezessiven Erbgang schon fiir 
erwicsen. So habe ich mit meinen Befunden hoffentlich eine Anregung 
geschaffen um jetzt iiberall nach elterliche Blutsverwandtschaft in 
Fallen von prasenilem und senilem Glaukom zu fahnden. Wir sind 

») Es handelt sich hierbei um Minimumwerte, die bei persdnlichcr Nachfrage 
der Familienangehdrigen erhalten wurden. Eine mchr systematische Sippen- 
untersuchung, die jetzt im Gauge gesetzt wurde, wird sicherlich mehr Faile von 
eventuell entfemter Blutsverwantschaft aufdeckrn. Auch wiirde der Pro- 
zentsatz steigen, wenn es herauskommen wurde, dass einige meiner Solit&rf&lle 
nicht erblich sind. 
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solches nicht gewohnt und tun es noch nicht einmal regelmassig bei 
konnatalen Anomalien. Fiir eine gute Einsicht und eine Fainilien- 
prognose tut es jedoch not, dass wir genauer in diescr Hinsicht nach- 
forschen. 

Sollte wirklich haiifig rezessive Vererbung vorkommen, dann wird 
zweifellos auch noch ein weit grosserer Teil der Einzelfalle von Pri- 
marglaukom als der von mir erfasste auf Vererbung beruhen. 

Kame nachher heraus, dass noch ein Teil meiner Falle auf unregel- 
massige Dominanz beruht, dann wurdc die Ziifer noch steigen. Jeden- 
falls stimmt der von mir gefundene Prozentsatz der Konsanguinitat 
schon mit der nicht geringen Frequenz des Glaukoms im allgemeinen. 
Wisscn wir doch, dass dieser Prozentsatz um so hoher ist, je seltener 
die Mutation stattgefunden hat und das Merkmal auftritt. Auch beim 
Hydrophthalmus, der im allgemeinen als rezessiv gilt, liegt die Ziffer 
der Blutsverwandtschaft nicht hoher, eher noch niedriger. 

Punkt 6° lasst sich an meinem Material noch nicht beurteilen. Von 
Punkt 7® gab ich im dritten Abschnitt iiber solitare Falle enige Bei- 
spiele. 

Punkt 8®. Ellen von Merkmahtrdgern 

Es gibt nur wenige Falle im Schrifttum wo zwei Eheleute beide von 
Glaukom befallen waren. Der erste Fall, den ich fand, riihrt von 
Harlan. Die bciden Urgrosseltern eines 17 j. befallenen Madchens 
sind als Glaukompatienten im Stammbaum angegeben. Wenn man 
abcr bedenkt, dass Harlan seinen Fall im Jahre 1885 beschrieb, 
dann miissen diese Vorfahren schon vor der Napoleontischen Zeit 
gelcbt haben. Da ist es wohl ausgeschlossen, dass die Glaukomdiagnose 
einwandfrci gestellt wurde. Einen zweiten Fall fand ich bei Bir6 
(dessen Fig. 5). Beide Gro.sseltern zeigten die ersten Symptome im 
Alter von ungefahr 55 Jahren. Zwei Tochter hatten ihre ersten An- 
falle bzw. mit 38 und 35 Jahren, und ein Sohn der altesten Tochter 
schon mit 20 Jahren. Drei Sohne der Grosseltem sind noch glaukom- 
frei. Obwohl das Alter nicht angegeben wurde, darf man annehmen, 
dass sie das gefahrdete Alter schon erreichten und dass die Grosseltem, 
eben weil sie nicht-befallene Kinder hatten, beide heterozygotisch 
belastet waren. Ein dritter Fall ist im Stammbaum von James anam- 
nestisch anwesend, wobei aber iiber die Nachkommen nichts berichtet 
wird. Ob Homozygoten emster befallen sind als Heterozygoten, lasst 
sich nicht entscheiden. 
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In meinen Material kommcn nur zwei Falle vor wo beide Ehe- 
partner an Glaukom litten. Leider war in dcr einen Ehe (Stb. 1 C) 
nur ein Sohn vorlianden. Dieser Sohn bekam ebenfalls Glaukom. 
Hier schien es sich um rezessiven Erbgang zu handeln. (S. 31). 
Die andere Ehe (Stb. 1 B) war kinderlos. Der Ehemann war zuvor 
aber schon zweimal verheiratet gewesen und hat in der zweiten Ehe 
eine Tochtcr, die augenblicklich ebenfalls wegen (ilaukom in Be¬ 
han dlung stcht. So scheinen in dicsem Stammbaum der rezessive und 
der dominante Typus in ciner Ehe zusammenzutreffen. 

Ich will jetzt noch einmal wiederholen, was m.E. fiir heiujige re¬ 
zessive Vererbung des (praesenilen) Glaukoms spricht: 

r. Audi wenn man die anscheinend doniinanten Falle nicht aus 
dem Gesamtmaterial entfernt, ist nodi ein bcdcutender Prozentsatz 
konsanguiner Ehen vorlianden. 

2°. In den Gcschwisterreihcn, wo nur 1 Patient vorhanden ist, 
leidet 23.5^/, an Glaukom. Das ist ctwas weniger als die 26-29%, 
die man gcwohnlidi findet, w^eil die Familicn nicht mitgezahlt werden, 
wo die Chance bestanden hat ohne Wirklichkeit geworden zu sein. 
Beim Glaukom wird diese Erringerung dcr crwarttingsgemfissen Zahl 
dadurch erklart, dass es eine Altcrskrankheit ist, die noch nicht bei 
jedem dazu Veranlagten, der im Forschungsmaterial vorkommt 
ausgebrochen ist. Im Gesamtmaterial wurden aber wieder plm. 29.6% 
gefunden, da die Familicn mit 2 Glaukomgeschwistern gewissermassen 
eine Auslese darstellen. Sic sollten theoretisch nur in Familien mit 
8 Kindem vorkommen, und nicht wie hier im Familien mit durch- 
schnittlich 5 Kindern (mit plm. 39.4^/, Befallencn also). Jedenfalls 
bleiben die Ziffer geniigend weit von der 50^';,. man bei Dominanz 
erwarten wiirde, entfernt. 

3®. Eine exogene Pathogenese ohne weiteres ist fiir das Primar- 
glaukom viel unwahrscheinlicher als eine endogene Bereitschaft, die 
jedenfalls auch bei exogenen Noxen noch angenommen werden muss, 
da nur wenige Leute auf die bisher bekannten schiidlichen Einfliisse 
mit Primarglaukom reagieren. 

4°. Das Glaukom imponiert als eine dystrophisch-degenerative 
Erkrankung, wobei ein Gefdssleiden eine bedeutende Rolle spielt 
(S. meine Falle 6 A, 4B, 5B, 9B, 12 B, 13 B und 9C). 

5®. Die bciden E.Z. Paare des Schrifttums waren konkordant, 
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wobei starkere Modifikationen des klinischen Bildes moglich sind. 

6''. Im einzigen Fall wo zwei erkrankte Eltern ein Kind bekamen, 
erkrankte auch dieser Sohn erwartungsgemass. 

7^. Glaukom kommt gegebenenfalls bei bcidseitigen Kollateralen 
vor (Fam. 1 C, 6 C, 7 C, 8 C) 

8®. Der Prozentsatz der blutsverwandten Ehen normaler Eltern 
ist derart erhoht, dass Zufall ausgeschlossen wcrden darf und rezes- 
siver Erbgang angenommen werden muss. Lcider war es mir bis hicher 
nicht moglich die beiden Elternteile unterschiedlicher Familien auf ge- 
meinschaftliche Ahnen zuriickzufuhrcn. Jctzt abcr, wo wir wissen, 
dass es wahrscheinlich viele rczes.siv-mcrkmalige Falle geben muss, 
ist es unbedingt notwendig, dass wir versuchen die noch bestehenden 
Liicken durch fortgesetzte Forschung in alien Liindern auszufiillen. 

Das vorhandcne Material des Schrifttums geiiiigt nicht um die vor- 
handenen Probleme zu Idsen, da die Mitteilungen iiber Geschwistcr- 
haufung ohne direkte Vercrbung in 2 odor mehr Generationen, gros- 
sentcils aus der Zeit stammen, wo man die Bedeutung einer ausgie- 
bigen Familienforschung noch nicht erkannt hatte, wobei man sich 
iibcrdies viel zu wenig nach eventueller Blutsverwandtschaft crkun- 
digt hat. Daneben onthalt das neuere Schrifttum viel mehr von den 
seltenen aber stark imponiercnden dominanten Fallen und hat man 
sein Interessc viel weniger dem so haufig vorkommenden praesenilen 
und senilen Glaukom gewidmet. 

Ich finde cs aber bedeutungsvoll, dass Westeklund, einer der Ictz- 
ten Autoren, der .sich ausgiebig mit den Familienverhaltnissen in 20 
Glaukomsippen beschaftigt hat, darunter 6, viellcicht 8 rein-familiare 
Geschwisterfalle bring!, inklusiv seinen E.Z. Fall, wobei die Eltern 
sowie die 4 Schwestern und der eine Bruder gesund sind. 

Derartige Bcobachtungen geben Hinweise in die Richtung einer re- 
zessiven Vererbung. In seinen Fallen 13 (2 von 5 Geschwistern be¬ 
fallen) und 14 (3 von 9 befallen) ist die Moglichkeit nicht ausgeschlos¬ 
sen, dass ein Elternteil ebenfalls Glaukomleidend war. In seinen Fa¬ 
milien 15-20 wird derartiges nicht angegeben. Die Zahlenverhaltnisse 
zwischen Erkrankten und Gesunden (bzw. 16 krank: 18 oder, dem 
Alter wegen 13 gesund) sind mehr charakteristisch fiir dominante 
Vererbung. Da fiber elterliche Blutsverwandtschaft keine Auskunft 
gegeben wird, ist es leider auch hier nicht moglich einwandfreie 
Schlfisse zu ziehen. So lange wir weiter nur noch fiber direkte Verer- 
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bung durch 2 Generationen verfugen, muss Pseudodominanz (Ehe 
von Rezessiv-Befallenen mit Heterozygoten) ausgeschlossen werden 
um die Doniinanz sicherstellen zu konnen. 

Ober Blutsverwandtschaftsehen wird im ganzen Schrifttum ausserst 
selten bcrichtet. Es handelte sich ja fast immer um Publikation do- 
minanter Falle. Die einzigen Ausnahmen bilden eine Ehe im Plo- 
cHER'^schen Stammbaum, die aber in unsercr Hinsicht wegen der do- 
minanten Vererbung bedeutungslos ist, sowie eine Beobachtung von 
Bir6 . Er hat einmal Blutsverwandschaft der Eltern vcrzeichnet, halt 
diese aber fiir ganz bedeutungslos bei der Glaukomvererbung wohl 
mit Unrecht. Dann hat noch Pimentel in Brazilien bei 2 von 3 aus 
einer konsanguinen Ehe hervorgegangenen Briidcrn Glaucoma 
simplex angetroffen, das sich bzw. im Alter von etwa 50 und von 20 
Jahren offenbart hat. E'in Vetter I. Grades der glaukomfreien Mutter 
litt ebcnfalls an Glaucoma simplex seit dem 70. Lebensjahr. In wei- 
teren Zweigen dieser Familie ist Hydrophthalmus vorgekommen. 
Wenn wir den Hydrophthalmus ausschliessen gibt es nur noch mcine 
Mitteilung (1939) iiber Glaucoma simplex bei einem 21. jahrigen Bauern 
dessen Eltern Vetter und Base II Grades sind. In diesem Liclite ist es 
merkwiirdig, dass Groenouw 1904 im Kapitel iiber erbliche Augen- 
krankheiten in Gr. S. Handbuch (S. 467) vermutet, „dass das relativ 
haufige Vorkommen von Glaukom bei Israeliten in dem Sinne zu deu- 
ten ist, dass bei diesen Ehen unter Blutsverwandtcn nicht gerade 
selten sind*'. Vielleicht hat er intuitiv Recht gehabt. Von Aaron 
Brav (Am. J. of 0.1931 III 14.*48) der selber an Glaukom litt, wird 
die hohere Disposition der Juden verneint. 

Jedenfalls ist es schon eher vorgekommen, dass an eine dogmatische 
Auffassung geriittelt wurde. Nachdem man Jahre lang geglaubt hatte, 
dass der erbliche Diabetes mellitus dem dominanten Erbgang folgte, 
hat Hanhart erweisen konnen, dass es eine betrachtliche Anzahl von 
Fallen gibt, wo der Erbgang ein rezessiver ist. Das sind nicht nur 
Falle mit jugendlichem Diabetes, es gibt darunter auch Falle von 
praesenilem und senilem Diabetes. 

Obwohl der rezessive Erbgang besonders gilt fiir emsthafte, teils 
angeborene, teils friih erworbene Fehler, darf man augenblicklich 
annehmen, dass auch Merkmale des vorgeschrittenen Alters diesen 
Erbmodus folgen konnen. 
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Hauptergebnisse 

Der gangbaren Meinung in der Glaukomfrage gegemibei sind meine 
Erfahrungen in 60 Sippen ziemlich umwalzend. 

Erstens sind die von mir gefundenen Zahlen iiber mutmassliche 
Erbanlagen beim Primarglaukom Minimumzahlen. Wenn ich in mchr 
als 30^) meiner Falle Hinvveise fiir Vererbung gefunden habe, so muss 
auch diese Ziffer noch viel hoher liegcn, wenn die Krankheit dfters 
rezessiv vererbt wird. Die im Schrifttum geschatzte Ziffer von 13-15% 
Vererbung sind entschieden viel zu niedrig. 

Zweitens ist die Meinung von von Graefk, Groenouw und zahl- 
losen Nachfolgem unrichtig, dass in einer und derselben Familie nur 
ein bestimmter klinischer Glaukomphanotypus vorkommt. Ich fand 
in 23,5% meiner familiaren Falle iinterschiedliche Phanotypen, was 
die Frage der genetischen Beziehungen und Verwandtschaft zwischen 
diesen Typen wieder nahelcgt. Einnial kam bei zwei Briidem Glau¬ 
coma simplex neben Pseudoglaucoma vor. Ein kompensiertes Glau- 
kom kann nach Jahren in ein nnkompensiertes iibergehen. Hdchst- 
wahrscheinlich liegen die Vcrhaltnisse derart, dass den unterschied- 
liclien crblichen Glaukomtypen ein Grundfaktor oder Gen gemeinsam 
ist, aber dass in Vercinigung mit crblichen und nicht-erblichen (E. 
Zwillinge!) Nebenfaktoren das Endresultat verschieden ausfallen 
kann. Solange die konstitutionellen Nebenfaktoren mitvererbt wer- 
den oder auch wenn sie abwesend sind, wird das klinische Sippenbild 
der Hauptsache nach gleichartig sein. Das wird sich in vielen domi- 
nanten jiingeren Fallen des vSchrifttums dargetan haben. Wenn die 
Nebenfaktoren sich fiber verschiedene Familienmitgliedcr verteilcn 
und trennen wirddasklinische Bild variabel sein und ist es sogar denkbar, 
dass eine iibrigens dominante Anlage latent durchgegeben wird, da die 
normale Anlage fiber die abnorme siegt. Auch eine eventuelle Antizi- 
pation, von mir kaum gefunden, muss gelegentlich auf Kombination 
mit Nebenfaktoren beruhen im GoLDSCHMiDxschen und PENROSEschen 
Sinne, will sie verstandlich sein. Mit diesen Befunden stehe ich nicht 
ganz allein. Sie werden durch einige Beitrage im Schrifttum bcstatigt. 
Nettleship hat schon 1906 Beispiele von verschiedenen klinischen 
Typen in einer Familie gegeben. Gilbert (1912) fand juveniles Glau- 
kom neben senilem kongestivem Glaukom. Lawford (1914) be- 
schreibt eine Schwester mit Gl, simplex im 57. und eine andere Schwes- 
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ter mit akutem Glaukom in ihrem 47. Lebensjahr. Im Stammbaum 
von Plocher-Korte (1918, 1939) kommt in vcrschiedenen Zweigen 
Gl. simplex sowie Gl. chron. intermittens vor. James (1927) erwahnt 
Gl. simplex bei einer Mutter imd 3 Tochtern wahrend 2 Sohne mehr 
chronisch-intermittierende Erscheinungen bieten. Kumanomido (1930) 
erwahnt einen Vater mit chronisch-intermittierendem Glaukom, des- 
sen 24. j. Tochter Gl. simplex aufweist, sowie eine Mutter, die im 57. 
Jahr Gl. simplex zeigt, wahrend ihre Tochter im Alter von 31 Jahren 
akutes Glaukom bekommt. Westerlukd (1947) berichtet liber 2 
Schwestern, die eine mit Gl. simplex im 67., die andere mit Gl. chron. 
intermittens im 44. Lebensjahr, und weiter iiber die obengenannten 
hdehstmerkwurdigen phaenotypisch verschiedenen E.Z. Audi Stokes 
(1940) hat gesagt, dass seine Falle im allgemeinen chronisch, aber 
nicht immer so verlieferi. Dann hat schlicsslich Thiel (1931) im rcch- 
ten Auge eines Patienten (j1. simplex, im linken Gl. chronicum inter¬ 
mittens angetroffen, wovon ich und andere Autoren ebenfalls einige 
Beispiele sahen. Ich war selber sehr von der Rolle von Gefassleiden 
betroffen bei alien Glaukomtypen, besonders bei denjenigen, die ich 
in den Familien 6A, 5B, 9B, 12B, I3B, 9C und lOCbeobachten konnte. 

Drittens ist die allgemeine Mcinung unhaltbar geworden, dass das 
praesenile und senile Primarglaukom im Gegensatz zum Hydrophthal- 
mus sich immer dominant vererbt. Der hohe Prozentsatz blutsverwand- 
ter Ehen unter den augengesunden Eltern der Glaukombefallenen ist 
an sich eigentlich .schon beweisend fiir rezessiven Erbgang. 

Viertens darf man die genetischen Verwandtschaftsbeziehungen 
zwischen den klinischen Typen von spater erworbenen Primarglaukom 
nicht deshalb leugnen, weil man die Verwandtschaft auch nicht fiir 
den Hydrophthalmus annimmt, obwohl dieser ebenfalls in Glaukom- 
familien und umgekehrt Glaucoma simplex s. chronicum in Hydro- 
phthalmusfamilien auftreten kann. Die Lagc ist namlich ganz verschie- 
den. Wahrend die eben genannten Falle eine grosse Ausnahme bilden, 
sodass man sich deshalb gendtigt sieht einen sporadischen Hydro- 
phthalmusfall in einer Glaukomfamilie als einen Maximum- oder ex- 
tremen Plus-variant des Glaukoms und einen Glaukomfall in einer 
Hydrophthalmusfamilie als einen Minimum- oder (extremen Minus- 
variant des Hydrophthalmus zu betrachten, bilden meine Beob- 
achtungen beim (prae)senilen Primarglaukom gar keine Ausnahme 
und heben sie deshalb zwanglos die Frage der genetischen Verwandt- 
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schaft des Gl. simplex mit dem Glaucoma intermittens ernciit hervor. 

Die drei im Anfang dieses Aufsatzes gestcllten Fragcn haben diirch 
diese Forschung die folgenden Antworte bekommen: 

1®. Antizipation wird bei der Vcrerbung des (prae)scnilen Pri- 
marglaukoms gcwdhnlich vermisst. 

2®. Das klinische Bild kann bei verschiedenen Mitgliodem der- 
selben Familie oder Sippe imgleich sein. 

3*^. Der Erbmodus ist entweder dominant oder — in einer betracht- 
lichen Anzalil der Falle rezessiv. 

Zum Schluss mochtc ich der „Organisatie voor zuiver wetcnschap- 
pelijk onderzoek i.o/’ mcinen bcsonderen Dank bringen fiir die 
finanziclle Unterstiitzung, wodurch ich im Stande gesetzt wurde 
diese Untersuchungen zur Erganzung des eigenen Materials durch- 
zufiihren. 
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The investigation reported in this paper formed a necessary part of 
the study of the aiitecology of Melandrium dioicum (L. emend.) Coss. 
and Germ, and M. album (Mill.) Garckk (Baker (5). As emphasised 
elsewhere Baker (7), the surest diagnosis of natural hybridisation is 
made with the aid of artificial crosses and some investigation of the 
mode of inheritance of contrasting characters in the forms involved. 
In view of the fact that this study formed only part of a much larger 
whole, the emphasis was placed upon the discovery of suitable charac¬ 
ters for the diagnosis of natural hybridisation rather than the eluci¬ 
dation of the numbers of genes involved, for example, where inherit¬ 
ance is shown to be dependent upon more than one pair. Therefore, 
the statistical analysis of the results has been restricted to that ne¬ 
cessary to accomplish this purpose (and to be consistent with the 
rather small numbers of plants which could be grown in the restricted 
garden space which was available in Sunbury-on-Thames, Middlesex). 
Similarly, calculations of the amounts of linkage between parental 
characters could not be determined. More detailed investigations may 
be planned to follow this preliminary investigation, whose publication 
has been delayed in the vain hope that this could be accomplished 
soon. Previous studies of inheritance within this genus are admirably 
summarised by D. Love (29) and Westergaard (47). 


126 - 
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MATERIAL AND METHODS 

A staminate plant and a pistillate plant of M. dioicum subsp. vil- 
losum (Baker, 8) were taken from a habitat in which there appeared 
little likelihood of interspecific hybridisation having played a part in 
the history of the population (viz. Broadwater Wood at Walton-on- 
Thames, Surrey). These plants agreed in every way with the de¬ 
scriptions of the species. The pistillate plant was transferred to the 
greenhouse and the staminate one planted in the experimental garden. 
A similar procedure was adopted with a pair of plants of M. album 
from a cultivated field in Sunbury-on-Thames, Middlesex. After 
establishment, pistillate flowers were pollinated from their own or the 
other species and bagged immediately. The seeds resulting from these 
pollinations were sowm and the seedlings planted out in the experi¬ 
mental garden at Sunbury. Subsequently, plants of other constitu¬ 
tions were introduced and treated similarly. The success of these 
precautions in keeping unwanted pollen away from the stigmatic 
surfaces and the absence of apomixis were both demonstrated by the 
failure of seed-setting shown by flowers which were not artificially 
pollinated. 


DISCUSSION OF INDIVIDUAL CHARACTERS 

Petal Colour 

The most obvious difference between populations of the two spe¬ 
cies is that between the reddish-purple petals of M. dioicum and the 
white petals of Af. album. Under favourable conditions the colour of 
the upper surface of the petals of tlie former species corresponds with 
‘‘rose-madder’* or “magenta” in the Royal Horticultural Society 
Colour Chart. In addition to the anthocyanin present in the petals 
of M. dioicum there is an anthoxanthin w^hich acts as a co-pig- 
ment (causing a blueing of the colour). An anthoxanthin is the only 
pigment in the petals of M. album where it occurs in greater amount 
than in Af. dioicum (as would be expected on the basis of a common 
precursor of and balance between anthocyanin and anthoxanthin) 
and is responsible for the creamy colour of the underside of the lamina. 
In Af. dioicum the anthoxanthin is produced in the petals before they 
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unfold while anthocyanin does not appear until the petals arc exposed 
to light. 

The intensity of petal-coloration in M. dioicum varies with the en¬ 
vironmental conditions. It is greater in exposure than in shade and in 
damp soil than in dry. Ascherson and Graebnrr (2) describe a form 
purpurascens with vivid purple petals and red calyx which is found 
particularly in high mountain habitats. After frost or rain and as the 
season progresses, the .shade of coloured petals becomes increasingly 
blue. The intensity of the colour is greater in staminate than in pistil¬ 
late flowers. 

The breeding behaviour of this character in interspecific crosses 
has been extensively investigated since John Bartkam first made the 
artificial cross (vide Zirkle, 51). Bartram himself and numerous 
subsequent authors (whose works have been reviewed by D. Love, 29) 
found the production of petal-anthocyanin to be determined by a 
single dominant gene. Crosses made in both directions by the j)resent 
author have fully confirmed the majority view. N(‘vertheless, the 
cross M. dioicum ? X Af. album $ gave rise to plants who.se petals 
although fairly uniformly rose-pink, were darker than those of the 
reverse cross. In both hybrids the petals were paler and bluer than in 
M. dioicum, apparently due to a greater production of anthoxanthin. 

A pistillate plant of the hybrid M. album ? X M. dioicum cj pol¬ 
linated from M. album produced, as its progeny, nineteen plants with 
coloured petals and fifteen plants with white jx*tals. The colour of the 
petals showed a great range in depth and shade, some being as deep 
as those of the Fi generation, others being much paler. While some 
were markedly bluish-purple, others were no bluer than the Fi. It was 
observed that plants with coloured petals posses.sed a greater amount 
of vegetative anthocyanin than those with white petals and this dif¬ 
ference was sufficiently distinct to enable an accurate forecast to be 
made in the pre-flowering stage. The progeny of another back-cross, 
{M. dioicum 9 x M. album (J) 9 X M. dioicum cJ, bore reddish-purple 
petals. 

It may be concluded from these results that the plants of M. dioicum 
and Af. album differed in respect of a single dominant gene (A) 
responsible for the production of anthocyanin in the petals. However, 
each species appears to possess a characteristic set of modifying genes 
for which the uniformity of the Fi generation demonstrates that the 
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parents approached homozygosity (see however, subsequent results 
with M. dioicum subsp. zetlandicum). Amongst these modifiers may 
be counted the gene or genes responsible for the production of antho- 
xanthin. 

A variety of M. dioicum with white petals is known. This has been 
named Af. d, subsp. mllosum var. dUnflorum (Tin.) Baker (vide Ba¬ 
ker, 5, 8 and 9). 

Examination of fresh material of this variety from several sources, 
combined with herbarium studies, has shown it to contain no antho- 
cyanin an3rwhere in the plant under normal conditions. A single 
pistillate plant of this variety was selected from a swarm growing at 
Halliford Manor, Sunbury-on-Thames and transferred to the green¬ 
house. It was pollinated, in the first place, from a plant with coloured 
petals which was growing near Halliford. The resulting Fi generation 
contained seven plants with both vegative- and petal-anthocyanin 
(in amounts comparable with those in normal Af. dioicum) and an equal 
number containing no anthocyanin whatever. 

Subsequently, two other pistillate plants from Unst, Shetland Isles 
and from near Wray Castle, North Lancashire, respectively were 
grown in the greenhouse of the Experimental Garden of the Univer- 
sit}^ of Leeds. The Shetland material was of the subsp. zetlandicum var. 
alhiflorum (also a complete albino) while the Lancashire material was 
comparable with that from Sunbury-on-Thames. Both were pollinated 
from plants of the same subsf)ecies as themselves but with fully co¬ 
loured petals. All of the 163 plants which resulted from these crosses 
contained anthocyanin in petals and vegetative parts. The depth of 
petal-coloration varied in the cross involving subsp. zetlandicum, 
however, and in this way parallelled the natural variation of this 
subspecies. From these results it is concluded that the complete ab¬ 
sence of anthocyanin in the varieties is due to the homozygous con¬ 
dition of a “recessive" gene (6). The result obtained from the cross 
between the plants from Sunbury-on-Thames would be due to the 
heterozygosity of the coloured parent, not a surprising occurrence in 
view of its origin from an area containing many plants of the albino 
variety. This interpretation has been confirmed by crossing two of the 
white-petalled plants resulting from the original cross when all the 
progeny were also "complete albinos". Thus the interpretation of the 
result of the original cross given in a previous publication (Baker, 4) 
Genetica XXV 9 
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must now be considered to be incorrect. This is not the first time that 
the presence of a "'dominant white" character has been announced and 
then withdrawn (having been twice announced and withdrawn by 
Shull (39, 40)). 

In general, the results obtained by D. Love (29) are in agreement 
with those presented here but her assumption that the mutation pro¬ 
ducing the varieties alhiflorum from M. dioicum is the same as that 
which produced the white-petalled condition of M. album cannot 
be accepted. The breeding results cited here disprove this and it is 
noticeable that the two mutations have resulted in different types of 
albino. The white-petalled plants in the F 2 generation from an inter¬ 
specific cross contain an abundance of vegetative anthocyanin and 
their petals never display a pink tinge. Furthermore, the capsules of 
pistillate plants of the varieties alhiflorum possess the same greyish- 
brown colour as in the type-variety although from Love’s results 
they would be expected to be of the greyish-yellow colour characteris¬ 
tic of Af. album for she has demonstrated that, in inheritance, the co¬ 
lours of capsules and petals are closely linked. She is inclined to the 
belief that they arc both due to the factor A which may further be 
responsible for seed-colour. Nevertheless, the varieties alhiflorum show 
black seeds like the typical M. dioicum providing further evidence that 
they contain the unchanged factor A, 

The crossing of Af. dioicum subsp. villosum var. alhiflorum ? with 
M. album produced an Fi generation consisting ot plants with pink 
petals and normal vegetative anthocyanin. The colour of the petals of 
these plants was exactly comparable with that of the corresponding 
generation of the cross between normally coloured Af. dioicum ^ and 
Af. album S and it must be concluded that the genes A and B are 
"complementary colour factors". 

Thus Af. dioicum (subspp. villosum and zetlandicum) woiild*be A ABB 
Af. dioicum (subspp. villosum and zetlandicum) vars. alhiflorum 
would h^AAbb 
Af. album would be aaBB 

The spontaneous partial reversion of the complete albinos giving a 
salmon-pink petal colour (but no vegetative anthocyanin) is described 
elsewhere (Baker, 9) while the formation of vegetative anthocyanin 
alone can be induced by growth in waterlogged soil (Baker, 8). The 
inhibition of anthocyanin-production in the "complete albino" does 
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not prevent the formation of anthoxanthin in the usual amount. 

The difference between Af. dioicum and M. album is between two 
‘‘non-constitutive, functional*' characters (vide Baker, 7) which are, 
however, neutral as far as the ecological distinction between the spe¬ 
cies is concerned. Petal-colour is an unreliable indicator of hybridity in 
populations of Af. dioicum. However, Onslow (33) has shown that 
“partial albinos" do not usually give rise to varieties with coloured 
petals. This renders the existence of the “variety" of Af. album 
known variously as *'Melandrium pratense var. incarnatum Lamotte, 
Lychnis alba var. coloraia Lange, etc.", unlikely. Therefore, the appear¬ 
ance of plants with coloured petals in a population of Af. album is 
probably an indication of hybridisation. In this connection it is signi¬ 
ficant that Post (34) did not mention this variety from Palestine 
and Sinaii where Af. dioicum does not occur and that Boissier (16) 
similarly omitted any such mention in his Flora Orientalis. Druce (19) 
noted that plants of M. album showed only white petals in the absence 
of Af. dioicum. In fact, there have been very few authors of floras who 
have not questioned whether this “variety" were not of hybrid origin. 

Diameter of corolla 

It has been generally acknowledged that the diameter of the corolla 
is greater in Af. album than in Af. dioicum. Table 1 shows the averages 
of the measurements of this character made on the same day in the 
experimental garden. The number of plants examined in each of the 
classes is shown here and is the same for all other characters involving 
both pistillate and staminatc plants reported in this paper. 


Table I 



No. of 
plants 

<J 

9 


Diame¬ 
ter (ram) 

S.D, 

Diame¬ 
ter (mm) 

1 

S.D. 

Af. album . 

87 

1 

2.5 

±0.3 

2.7 

±0.1 

M. album $ x Af. dioicum <f 

91 

2.5 

±0.3 

2.5 

±0.2 

Af. dioicum 9 x Af. album i 

113 

2.4 

±0.2 

2.2 

±0.3 

M. dioicum . 

85 

1.9 

±0.-2 

1.8 

±0.3 
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The hybrids are intermediate and there is an appearance of matro- 
cliny. Similar results appear to have been obtained by L6 ve (29). 

The environment may exert a profound modifying effect, smaller 
flowers being produced in cold weather and in unfavourable light- 
conditions. Among the effects of infection by Ustilago violacea upon 
the flowers ot Melandrium is a reduction in the diameter of the corolla 
(Baker, 10). Therefore, it appears that this character loses much of 
its diagnostic value, especially as M. dioicum subsp. zetlandicum pos¬ 
sesses flowers comparable in size with those of M. album (cf., also, 
West, 46; Compton, 18). The classification of this character is "non- 
constitutive, adaptive**. 

There is some evidence that the diameter of the corolla is connected 
with the depth of coloration. It has been observed that unexpanded 
petals of Af. album are distinctly yellowish due to anthoxanthin. The 
petals of the “complete albino** of M. dioicum show a distinct .salmon- 
pink coloration before expansion. 

The flowers of M. album tend to open in the evening and close in the 
morning, remaining nearly closed in bright daylight (MOller, 31; 
James and Clapham, 25; and others) although Compton (18) states 
that they remain open until mid-day. In M. dioicum the flowers re¬ 
main open during the day and are partly crepuscular (Horwood, 24). 
The hybrids show no diurnal movements (Price, 35) and remain open 
even in bright sunlight (Compton, 18). 

The lack of a satisfactory intermediate condition in the hybrids ren¬ 
ders the character of little use in diagnosis. Furthermore, flowers of 
Af. album tend to remain open in the shade and on cloudy d^ys (Ave¬ 
bury, 3; Compton, 18; James and Clapham, 25) and it was found 
experimentally that they do so in full daylight when the plants are 
growing in waterlogged soil. The characters involved are “non- 
constitutive, adaptive*'. 

Scent 

Closely correlated with the night-opening of the flowers of M. album 
is the simultaneous production of an attractive scent. Flowers of 
Af. dioicum are not scented. Some of the hybrids grown in the ex¬ 
perimental garden were noticed to be scented but the difficulty of 
accurate observation of this “non-constitutive, functional** character 
renders it almost useless. 
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Colour of seeds 

The seeds of M. dioicum are black when mature while those of 
M. album are of a light brownish-grey (which blackens on wetting). 
The colours of the seeds of hybrids has been investigated by von 
Gaertner (21), Gagnepain (22, 23) and Bateson and Saunders (13). 
These workers found them to be intermediate although their attempt¬ 
ed descriptions of the colours, as would be expected, vary considerably. 
In the present crosses, M. album 9 x Af. dioicum S produced plants 
with seeds of a grey colour while those of the reverse cross were deeper 
greyish-violet (seeds not fully mature having a pronounced rusty 
tinge). The back-cross [M. album 9 X M. dioicum <?]9 X M. album <f 
produced a .segregation, about half the plants forming seeds of inter¬ 
mediate colours while the remainder formed seeds which were brown¬ 
ish-grey. The back-cross [M. dioicum 9 X M. album cJ] 9 X M. dioi¬ 
cum (J produced plants with seeds which were very dark grey, almost 
black. These results agree in general with those of L5ve (29) who 
found approximately one quarter of the plants in an F 2 generation 
producing seeds of the M. album type. 

No evidence has been found in floras or in the few seed-samples 
present in the herbaria of any variation in seed-colour of the (pu¬ 
tative) pure species over their areas of distribution. Apparently, this 
character is unaffected by the environment and, as the distribution of 
seeds is mechanical, it is unlikely that the coloration has much selec¬ 
tive importance. Consequently, it may be referred to as ''constitu¬ 
tive”. It is most likely to be of use in the diagnosis of hybridisation in 
populations of M. album although not without use with M. dioicum. 

Seed size and weight 

The seed of M, album is about 1 mm in length and half that at its 
greatest breadth. It is flattened dorsally and the surface is bluntly 
tuberculate. That of M. dioicum subsp. villosum is about 0.5 mm in 
length and its surface is acutely tuberculate (cf. Avebury, 3; Compton 
18; Korsmo, 26 and Muenscher, 30). According to Blackburn (14) 
seeds of the hybrids exaggerate these differences. The observations of 
the present author are that the tubercles are blunt in both crosses. 

According to Westergaard (47), 1000 seeds of diploid and tetra- 
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ploid plants of M. album weighed 0.62 and 1.37 grms., respectively. 
Seeds from the experimental garden and nature failed to give results 
in agreement with these figures for diploid Af. album (see Table 2). This 
discrepancy throws doubt upon the value of the character in more 
than local investigations of hybridisation. 


Table 2 



Weight of 1000 
seeds (in gram¬ 
mes) 

M . 

1.400 

M. aioum 1 Ejjpgrimental Garden. 

1.364 

M. album ? x Af. dioicum . 

1.016 

Af. dioicum ? X Af. album . 

0.692 

Af. dioicum subsp. villosum . 

0.492 

Af. dioicum subvSp. zetlandicum (average of five 
samples). 

1.381 


The difference between the English representatives of the parent 
sp)ecies and the intermediate nature of the hybrids arc clearly shown 
in the Table. There is some evidence of matrocliny. The greater weight 
of the seeds of M, dioicum subsp. zetlandicum shows that this character 
will only be of use in the comparison of populations exclusively derived 
from the same subspecies of M, dioicum. It is unlikely that the weight 
of seeds is directly affected by shading although it is possible that in 
critical conditions where flowering is only just permitted there may be 
insufficient food-material organised to give seeds of the normal size 
and weight. As Salisbury (37) hasshown, seed size is of somb ecologic¬ 
al importance but it seems unlikely that the difference between the 
characteristic values for the two species is sufficient for the progeny to 
be seriously affected except over a considerable number of gener¬ 
ations. Seed-size may be classified as "non-constitutive, epharmonic”. 
There are a number of obvious limitations to its wholesale use in de¬ 
termining hybridisation in natural populations and it would appear 
to be of greater utility in the investigation of single pistillate plants. 
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Seed-setting 

A review of the early literature on hybridisation shows that both 
VON Gaertner and Nageli found a reduction of 30 to 40% in number 
of seeds per capsule in hybrids compared with the parent species. 
Subsequent authors have been more vague (cf. Compton, 18 and 
Blackburn, 15). 

Among the plants growing in the experimental garden it was found 
that typical capsules of Af. dioicum contained from 10 to 238 seeds 
{including a variation from 150 to 238 on the same plant), while 
capsules of M. album contained from 48 to 359. Hybrid plants produc¬ 
ed 31 to 312. Salisbury (37) found 41 to 288 seeds in capsules of 
M. dioicum in nature (average 215 J 22). From this large variation it 
is obvious that the amount of seed set does not depend merely upon 
the ancestry of the plant. The amount and nature of the pollen received 
by the stigmatic surfaces must also play a part. Thus, the seed-counts 
from flowers of M. album pollinated by M. dioicum varied from 90 to 
228 compared with 150 to 359 with intra-specific pollination. Focke 
(20) reported that the pollination of M. dioicum from M. album pro¬ 
duced 77.77^0 of the number of seeds typical of the former species 
while the reverse cross produced 81.03% of that typical of M. album. 
In view of the considerable fertility of the hybrids, the amount of seed 
set does not appear to be a suitable character for their identification. 
The character is * non-constitutive, epharmonic*'. 

Pollen-sterility 

The production of pollen containing a high proportion of bad grains 
has long been held to be an indication of hybridisation in the an¬ 
cestry of the plant concerned. Compton (18) stated that the pollen of 
hybrids between these species contained a considerable proportion of 
bad grains but made no mention of bad pollen in the parents. “Bad*' 
pollen in the present investigation was taken to consist of shrunken 
grains or those with an irregular outline and very small grains (which 
may be spherical or not). It did not take up aceto-carmine. Only 
flowers on strong plants were investigated. 
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Table 3 



No. of 
plants 

% 

pollen- 

sterility 

Range of in¬ 
dividual 

determin¬ 

ations 

M, album . 

42 

3.7 

0-60% «) 

M. dioicum . 

40 

1.7 

0-6 % 

M. album $ x M. dioicum cj. 

44 

22.2 

8-15% 

Af. dioicum ? X Af. Mum <J. 

53 

26.0 

10-58% 

{M.album $ x MMoicum <?)? X M.albums 

12 

34.7 

6-52% 

(M.dioicum album S) ^xM.dioi¬ 
cum s . 

16 

17.9 

8-39% 

Af. album ? x Af. dioicum S . 

15 

16.1 

5-37% 

Af. dioicum ? X Af. album S . 

16 

37.0 

15-63% 

Af. dioicum 9 X Af. Mum S . 

21 

14.7 

5-33®/„ 


») A single plant of M. Mum showing 60% pollen-sterility. In certain wild 
populations comparable plants of this species have been found without any other 
character suggestive of hybridity. 


The figures shown in the first part of Table 3 represent the plants 
derived from intra- and inter-specific crosses of the original, carefully 
selected plants of M. album and M, dioicum. The last three results are 
from crosses between parents which were not, themselves, investigated. 
From these results it appears that the pure species show very little 
pollen-sterility but that intcr-specific hybrids do show a small pro¬ 
portion of bad pollen. 

Results obtained by other workers must be quoted her§ and are 
included in Table 4. 

The results obtained by L5ve (28) represent a very careful analysis 
of material grown from seed obtained from natural sources. ''Morpho¬ 
logical pollen-fertility" and pollen-germination were measured, the 
figures given in Table 4 referring to the former. The higher figures for 
pollen-sterility in the parent-species obtained by other workers may 
depend upon the ancestry of the plants chosen. No statement is made 
by L5ve as to the possibility of natural hybridisation having occurred 
at the localities which she sampled although Ostersund, Svalov and 
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Table 4 




% Pollen — sterility 


M. 

album 

M, 

dioicum 

Fi hybrids 

D. L6ve (28) >) . 

25.8 

22.0 

25.3 

D. L6ve (27). 

— 

19.4 

— 

MCntzing (31). 

— 

18.0 

— 

Akerlund (1) 2) .... 

II.O 

12.83 

M.d. 9 X M.a. <J 9.25 

Westergaard (46) . . . 

3.8 

_ 

M.a. 9 X M.d. 5 21.73 


«) F 2 — 27.8 %. 2 ) F 2 vff'y infertile. 


Basel provided both species. The material used by Akerlund(I) 
was obtained from Schonen and the Black Forest. It may be noted 
that Baur (in Ascherson and Graebner, 2) picked out the Black 
Forest as a region where natural hybrids abound so that the purity of 
the parents is not above suspicion. Akerlund found the pollen- 
sterility of the F 2 generation to be significantly higher than that of 
the F|, six plants out of thirty-six in one group being completely 
sterile. 

However, Dr. J. Clausf.n tells me that hybrids between these 
species made in Denmark showed no greater pollen-sterility than 
their parents and there may be geographical variation in the degree 
of compatibility of the species. I am further indebted to Dr. Clausen 
for the information that natural hybrids are surprising rare in Den¬ 
mark. 

Impaired fertility is disadvantageous in any population and such 
a state may be expected to be gradually eliminated by selection. 
Nevertheless, it is unlikely to be affected more by selection in habitats 
typical of either species and it has not been demonstrated that the 
percentage of bad pollen has been significantly increased or decreased 
by any environmental factor within its normal range. Although it is 
possible that intra-specific groups may exist which exhibit partial or 
complete intergroup sterility (for Westergaard, 47, has demonstrated 
the existence of a pollen-fertility factor carried on the homologous 
segment of the X-chromosome of Af. album), it appears that the con- 
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dition of the **non-constitutive epharmonic'* character of pollen- 
fertility or -sterility is a useful guide to hybridity, especially with 
M. dioicum. However, it does suffer from the drawback that it is 
troublesome to apply to preserved material and can only be used 
with staminate plants. 

Diameter of pollen grains 

The diameter of the pollen-grains of Af. album was found to be 44 fx 
i 1 while that of M. dioicum subsp. villosum was 35 fx 1 • Two 
plants of M. dioicum subsp. zetlandicum gave comparable results 
(33fx ± 1 and 34 [x ± I). There is not likely to be much ecological 
significance in the difference between the species and the character 
may be classed as '‘constitutive*’. However, it does suffer from the 
drawbacks mentioned previously which are common to all pollen- 
characters. 

These results arc in agreement with those reported by LOve (29). 
This author found the grains of intersi)ecific hybrids to be intermediate 
in size with significant evidence of matrocliny. 

Size and shape of capsule 

For this measurement, capsules from pedicels which bore the first 
flowers to open on several shoots of individual plants were measured. 
The length of the capsule was taken as that from A to B in Fig. 1 and 
the breadth was measured at the widest part of the capsule. There 
was remarkably little variation. Consequently, it was decided to take 
one capsule from this position from each plant. The results are sum¬ 
marised in Table 5. 


Table 5 



No. of 
plants 

Average dimensions 
of capsules 

Rough 

shape 

M. album . 

45 

1.49 X 0.98 cm 

Conical 

M. album 9 x Af. dioicum <J 

47 

1.27 X 0.92 cm 


Af. dioicum $ x M. album <J 

60 

1.13 X 0.93 cm 

Glolx)se 

Af. dioicum . 

45 

1.07 X 0.73 cm 
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I'ABLE 6 




Length x 
breadth 
of capsu¬ 
les 

S.D. 

S.D. of difference of the means 
between groups 

1&2 

2&3 

3&4 

4&S 

1 

M.alhum 

1.44 

±0.19 

} ±0.047 




2 

M.album $ x 

1.17 

±0.24 





M,dioicum ^ 




\ ±0.046 



3 

M.dioicum^ x 

1.05 

±0.20 


J 


- ±0.030 


M.album S 





\ ±0.028 


4 

M.dioicum 

0.78 

±0.14 



J 



Table 7 




Length ± 
breadth 

of 

capsules ; 

S.D. 

S.D. of difference of the means 
between groups 

1 1 &2 

2&3 

3&4 

4&5 

1 

M.album 

1.52 

±0.14 

} ±0.030 




2 

M,album $ x 

1.38 

±0.15 





M.dioicum ^ 




\ ±0.028 



3 

M.dioicum ? X 

1.22 

±0.14 


/ 


• ±0.030 


M.album 





\ ±0.028 


4 

M.dioicum 

1.47 

±0,14 



J 



Table 6 shows the products of the average lengths and breadths and 
Table 7 the quotients, respectively, for the parents and both kinds of 
hybrid. As far as the products are concerned, the differences between 
all the groups are significant. For the quotients, the differences 
between the groups are again significant with the exception of that 
between the parent species. The results may be crudely summed 
up as: 

M, album .relatively long; relatively broad 

M, album ? x M. dioicum . . . less long; broad 
Af. dioicum $ x M. album . . . still less long; broad 

Af. dioicum .relatively short; relatively narrow 

This is borne out by an examination of the drawings of typical 
capsules shown in Fig. 1. The capsules of M. album are ovoid-conical 
while those of Af. dioicum are globose. The Fi hybrids are seen to be 
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intermediate but there is considerable matrocliny. It is probable that 
the size and shape of the capsules are dependent upon the actions of 
several genes. 

As reported elsewhere (Baker, 11) occasional pistillate plants of 
both species, smutted by Vstilago violacea (Pers.) Fuck., managed to 



Fig. 1. Silhouettes of capsules from (a) Melandrium album, (b) M. album 9 X 
M. dioicum (c) M. dioicum $ x Af. album (d) M. dioicum to show shape 
of capsule and position of capsule-teeth during dehiscence. (All X 2). 

A — B represents the measurement made of capsule-length. 

form small capsules. These are very narrow and re.semble the cigar¬ 
shaped capsules of a hermaphrodite of M, dioicum subsp. villosum var. 
alhiflorum which arose from a staminate plant in the Experimental 
Garden without the influence of Ustilago-iniecHon. Poorly-developed 
capsules on normal plants have been noticed to be less swollen than 
fully-developed ones. There has been no evidence of change in capsule- 
shape as a result of growth in varied environments. 

Examination of herbarium specimens has shown considerable va¬ 
riation in the sizes and shapes of capsules from plants growing in dif¬ 
ferent stations over the ranges of the species. For example, in M. dioi~ 
cum subsp. zeUandicum, the capsules are larger and in some material 
from Foula were more conical. The use of this character is restricted 
correspondingly. 

The size of the opening through which the seeds are dispersed is in¬ 
timately connected with the size, shape and consistency of the capsule. 
In M. album the opening is narrow by comparison with the diameter of 
the capsule, while in Af. dioicum it is wide and in the hybrids some¬ 
what matroclinous. This would be expected from the shapes of the 
capsules. 
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The group of characters considered here appears to be nearly 
"constitutive". However, the group suffers from the disadvantage 
that measurement is only possible with pistillate plants and the 
evidence of geographical variation means that caution must be exer¬ 
cised in drawing conclusions. 

Direction of capsule-teeth 

This is probably the character used most frequently in the con¬ 
struction of keys for distinguishing between the two species. Authors 
are unanimous that in M. album the ten capsule teeth (in the dry con¬ 
dition) are erect or point slightly outwards remaining straight. In 
M. dioicum, the teeth are rolled back as illustrated in Fig. 1. 

Most authors remark that the hybrids are intermediate but Gagne- 
PAIN (22) noticed that there was matrocliny, an observation which 
has been confirmed. In the Fi of the cross M. dioicum ? X M. albums, 
the capsule-teeth arc reflexed to a greater degree than in the opposite 
cross (although still not rolled). The pistillate progeny of the back- 
cross (M. dioicum $ x M. album cJ) $ x M. dioicum d all bore cap¬ 
sules with more or less rolled teeth while the corresponding plants of 
the back-cross (Af . album ? x M. dioicum <J) 9 x M. album cJ showed 
a mixture of types with reflexed and erect teeth. These results are 
generally in agreement with those of Love (29). 

Because the condition of rolled teeth appears to be incompletely 
dominant, this character is more likely to be of use in the detection of 
hybridity in a population of M, album than in one of Af. dioicum. 
Obviously, the opening of the capsule by the reflexion of the teeth in 
dry weather and closing in wet weather is of importance to the plant 
but there does not appear to be any marked advantage in the particular 
positions adopted by either species. Natural selection would not be 
expected to operate with any seventy and there does not appear to be 
any direct effect of the environment upon this character. It may be 
determined with ease in herbarium material and the examination of 
such material has shown constancy over the ranges of the two species. 
It is "non-constitutive" in relation to the opening and closing function 
but as far as the ecological difference between the species is con¬ 
cerned it may be regarded as '^constitutive". 
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Degree of development of hermaphroditism 

As Blackburn (15) has pointed out, the staminal initials of pistil¬ 
late hybrid plants tend to develop further than in the pure species. 
This is probably the explanation of Sowerby and Smith’s (41) re¬ 
ference to a ‘Tale variety (of Lychnis dioica) in which the stamina 
and pistilla are sometimes, not always, together in the same flower”. 
This relaxation of strict dioecism (which is found occasionally in the 
pure species) is due, presumably, to a lack of complete balance between 
tlie sex-determining elements derived from the two parents and must 
not be confused Avith the hermaphroditism which follows the infec¬ 
tion of a pistillate plant by Ustilago violacea (cf. Baker, 10). It is not 
sufficiently reliable for the diagnosis of hybridity. 

Shape and length of calyx-teeth 

In these two species of Melandrium, the five sepals are united into 
a tubular calyx with five teeth representing their free apices. The teeth 
of M. album are lanceolate while those of Af. dioicum are variously 
described by European authors. The variation, however, is not greater 
than that between the descriptions “triangular-obtuse” and “acute” 
and Salmon (38) remarked that this is one of the few character-dif¬ 
ferences by which the species may be distinguished. The difference 
between the species has been borne out completely by the plants 
which were transferred to the greenhouse and the generations derived 
from them. 

There is little difference between the shapes of the calyx-teeth of 
staminate and pistillate plants of M, dioicum but in M. album the 
difference is marked (see Fig. 2). The stronger development of the 
nerves in the pistillate flower is responsible for this, together with 
the greater distension of the calyx to an urceolate shape compared 
with the sub-cylindrical appearance in staminate plants. Nevertheless, 
the difference in shape between the calyx-teeth of the two species does 
not lead itself to direct measurement but the greater length of the ca- 
lyxteeth in M. album provides a better opportunity. 

Measurements were made between the points A and B (Fig. 2), care 
being taken to use only normal flowers, fully open. Several measure¬ 
ments of flowers upon the same plant nearly always gave identical 
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values when taken to the nearest half-millimetre and only in a few 
cases was an average necessary. 



Fig. 2. Silhfmettes of calyces from pistillate and staminate flowers; (a — h) M, 
album {c — d) M. dioicum. (All x 2). 

A —Ji represents the length of a calyx-tooth. 


Pistillate and staminate plants were kept apart, the average for 
each being found separately and a grand average then made. The 
results are shown in Table 8. 


Table 8 




Ix‘ngths of calyx teeth 



(mm.) 

S.D. 
of ^ 

9 

(mm.) 

S.D. 

of 9 

Average 

(mm.) 

Ratio 

9/<? 

1 

M,album . 

4.8 

±0.4 

6.5 

±0.2 

5.7 

1.35 

M.album 9 x M.dioicum S • • 

3.7 

±0.5 

4.2 

±0.5 

4.0 

1.14 

M.dioicum 9 X M.album i . . 

3.2 

±0.5 

3.6 

±0.5 

3.4 

1.13 

M.dioicum . 

2.2 

±0.4 

2.3 

±0.4 

2.3 

1.05 

[M.album 9 X M.dioicum cj] 9 
X M.album ^ . 

3.9 

±0.3 

5.1 

±1.2 

4.5 

1.31 

[M.dioicum 9 x M.album <J] 9 
X M.dioicum 3 . 

3.0 

±0.6 

3.3 

±0.5 

3.2 

' 1.10 


Additional hybrids from less carefully selected parents 


M.album 9 x M.dioicum <J . . 

3.8 

±0.4 

4.3 

±0.3 

4.1 

1.13 

M.dioicum 9 x M.album 3 • . 

3.0 

±0.3 

3.6 

±1.0 

3.3 

1.20 

M.dioicum 9 X M.album 3 . • 

2.5 

±0.4 

3.3 

±0.4 

2.9 

1.32 
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It is apparent that the difference between the species (which is 
thoroughly significant) is easily measured. Several genes are certainly 
concerned in the final expression of calyx-tooth length; a desirable 
condition. The difference between the lengths of the teeth in staminate 
and pistillate plants is more marked in M. album than in M, dioicum 
while the hybrids are intermediate. There is evidence of matrocliny in 
the averages for the reciprocal hybrids. 

Transplant experiments and observations of the reactions of plants 
to the destruction of woodland-cover have shown that, as long as 
obviously depauperate individuals are avoided, the values obtained 
from the measurement of this character are practically independent of 
reasonable variation in the environment and no seasonal variation was 
found. On the other hand, "smutted** flowers possess significantly 
shorter calyx-teeth (Baker, 10) and must be avoided. An examination 
of herbarium materials from stations at wliich the alternative species 
was probably absent showed that there is unlikely to be significant 
variation in this character in populations of the (presumably) pure 
species over the geographical ranges covered. Definite mutations in¬ 
volving this character have not been encountered but what are 
probably non-lieritable abnormalities have been seen (especially in 
pistillate flowers). These have usually occurred at the beginning of the 
season upon plants which have borne normal flowers in addition. The 
length of the calyx-teeth is measurable with ease on preserved material 
and careful pressing has been shown to cause only very slight diminu¬ 
tion. 

It appears that calyx-tooth length falls ih with the definition of a 
"constitutive** character. An average value for a population is easily 
found and would appear to form a good index of the amount of hy¬ 
bridisation in the ancestry of the plants present in the population at 
the time of measurement. * 


Length of pedicel 

In Af. album, the capsules are pedicillate, the final length of the pe¬ 
dicel decreasing roughly in order of production of the flowers, the 
maximum being about 5 cm. In M, dioicum, the capsules remain more 
nearly sessile while in both hybrids the intermediate condition tends 
more towards that of M. album. This character appears to be unaffect- 
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ed by a considerable range of environmental conditions although 
etiolation may cause some increase and the pedicels are much longer 
in the exceptionally early flowers which occasionally develop from 
over-wintering flower-buds (Baker, 8). Staminate flowers of all kinds 
are almost sessile. 

This character, which may be classified as "constitutive" cannot 
be accurately measured and its use is restricted correspondingly. 
Nevertheless, Price (35), Britton and Brown (17), Salmon (38) and 
Lee (27) considered it to be one of the few which are reliable for dis¬ 
tinguishing between the species. 

Thickness and degree of branching of stem 

The habit of M. dioicum subsp. villosum is much less erect than that 
of M. album and in full illumination the species shows narrower stems, 
seldom more than 0.3 cm in diameter and, usually, profusely branched. 
In M. album, the relatively upright stem is stout and usually un¬ 
branched below the flowering region. Gagnepain (22, 23) asserted 
that the reciprocal hybrids differed in aspect, there being matrocliny. 
The author is in general agreement with this conclusion although the 
difference is quite insufficient to serve in the field. The effect of the 
environment upon the aspect of the plants is so profound that the dif¬ 
ference in this "non-constitutive, plastic" character is of very little 
use, esi)ecially as M. dioicum subsp. zetlandicum agrees quite closely 
with Af. album in habit. 

Height 

Measurements made in 1943 of plants derived from seed sown in 
1942 gave the results shown in Table 9. 


Table 9 



Average height 
incms. 

S.P. 

M. aUmm . 

61.9 

± 11.3 

Af . album $ x Af. dioicum <J . 

71.6 

± 11.7 

Af . dioicum $ x . album 3 . 

71.1 

± 10.1 

M. dioicum . 

50.2 

± 14.7 


Genetica XXV 


10 
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M. album is significantly taller than M. dioicum and there is very 
plain evidence of hybrid vigour in both crosses. In the same year, 
plants derived from a back-cross to M. dioicum gave values between 
20 and 53 cms with an average of 34.1 cm. Plants from a cross between 
M, dioicum subsp. villosum and M.d, subsp. villosum var. albifhrum 
gave a value of 49.0 cm. 

It is known that this character will be enormously affected by the 
environment, etiolation causing a greater height to be reached, ex¬ 
posure or a dry season inducing the opposite effect. Experiments have 
shown that waterlogging of the soil causes extreme dwarfing of both 
species. Smutting by Ustilago violacea causes a reduction after the in¬ 
fection has become systemic. 

Whereas the height of plants in the field is unlikely to be of direct 
advantage in the discrimination of hybrids it does seem that unusually 
strong plants are worthy of increased attention because of the existence 
of hybrid vigour. 


Leaf index 

The ground-leaves of M. album are elliptical-lanceolate in outline 
and narrowed to the petiole. Passing up a stem, the leaves become more 
nearly sessile and the bases are rounded. The ground-leaves of M. dioi¬ 
cum possess broadly lanceolate and acute laminae which taper rapidly 
into a long, winged petiole. The stem-leaves of this species are broadly 
elliptical or ovate and suddenly acuminate. 

Compton (18) remarked that the leaves of hybrids were inter¬ 
mediate in shape. Akerlund (1) reported that the leaves of Af. dioi¬ 
cum are significantly broader and shorter than those of M. album. The 
ratio of the breadth of the leaf to its length expressed as a percentage 
constituted his Breitenlangenindexc, \ slightly different •index was 
used to express the results obtained by the present author — the ratio 
of the length of the lamina of the leaf to its greatest breadth. In those 
plants with markedly winged petioles the measurement was made to 
a prolongation of the curve at the base of the lamina. 

Stem leaves were selected in preference to groundleaves because 
the latter are rarely found in summer in plants of M. album and be¬ 
cause they appeared to show a greater difference between the species. 
The leaves borne at the fifth node on a shoot developed straight from 
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a stolon were selected and the measurements were always made on 
mature leaves. Table 10 shows the results obtained. No sex-linkage was 
found in special observations so that pistillate and staminate plants 
are considered together here. 


Table 10 



Aver¬ 

age 

Range be¬ 
tween ex¬ 
tremes 

S.D. 


M. album . 

4.06 

2.77 

±0.84 

S.D.of differ 
dice in averages 

M.album ¥ X MMoicum <J. . . 

3.03 

1.18 

±0.35} 

i 0.18. Thus 
this difference is 

MMoicum ? X M.album cJ. . . 

2.30 

1.46 

±0.41 1 

significant. 

MMoicum . 

\M,album ? x MMoicum cJ] 

1.58 

0.75 

±0.20 


$ X M,album cj. 

[MMoicum $ x M.album cJ] 

3.17 

2.71 

±0.78 


$ X MMoicum 3 . 

2.59 

2.45 

±0.50 


Additional families from less carefully sei 

iected parents 

MMoicum . 

1.77 

0.80 

±0.20 


,, ..*••••••• 

1.97 

0.69 

±0.21 


if . 

1.90 

1.34 

±0.38 


it 

1.69 

0.46 

±0.15 


MMoicum ? x M.album (J. . . 

2.04 

1.19 

±0.32 


MMoicum ? x M.album cJ. , . 

2.01 

1.23 

±0.27 


M.album ? x MMoicum cJ. . . 

2.26 

1.07 

±0.25 


,, . . . 

2.23 

2.08 

±0.36 


if . • • 

2.23 

1.19 

±0.43 



It is apparent that the leaves of M.album are narrower than those 
of MMoicum and that the hybrids, although intermediate, show ma- 
troclmy (see also Fig. 3). The variability of M,album which is greater 
than that of MMoicum^ is reflected in the hybrids. Herbarium ma¬ 
terial of M,album from Southern Europe, where this species occurs 
in woodland, shows more rounded leaves than are commonly found 
in Britain. The expression of this character must be controlled by 
several genes and it appears that the stock of M. album is less nearly 
















148 H. G. BAKER, THE INHERITANCE OF CERTAIN CHARACTERS IN 


homogeneous in this respect than that of Af. dioicum. Extensive in¬ 
vestigations have shown that the expression of this character is not 



Fig. 3. Silhouettes of typical leaves taken at the fifth node from the base on 
flowering shoots of (a) M. album, (b) M. album 9 X Af. dioicum (c) M. 
dioicum $ x Af. album {d) M. dioicum. (All x 7 / 9 ). 


directly affected by the light-intensity (Baker, 6). The character is 
‘*non-constitutive, epharmonic'\ 

Herbarium material of the *‘alpine ecotype*' of M. dioicum was ob¬ 
served to possess much narrower leaves than are typical of English 
material (Baker, 12) but within the latter no significant geographical 
variation has been observed. It is apparent that comparisons must be 
restricted to populations derived from the same form of M. dioicum. 

Thickness of leaves 

In the late autumn, fresh leaves were sectioned and measured with 
the aid of a micrometer eyepiece. Sections were always taken from 
corresponding positions {i.e. where the leaves were broadest) and 
the thickness measured was that of a portion of the lamina between 
(and well removed from) the veins. Ground-leaves were used in pre¬ 
ference to stem-leaves for four reasons. In the first place, this enabled 
comparison to be made with the results obtained by Turesson (43, 
44, etc.) from rosettes of M.dioicum. Secondly, in the autumn and 
winter these alone are available. Thirdly, the difference between the 
environmental conditions affecting both species is probably least at 
this season. Lastly, the variation in thickness of several leaves from 
the same plant was less in the case of ground-leaves. 

The measurement of leaves from pistillate and staminate plants. 


CROSSES BETWEEN MELANDRIUM DIOICUM AND M. ALBUM 149 


respectively, failed to reveal any significant difference in thickness. 
The results for the plants in the experimental garden are shown in 
Table 11. The intermediate nature of the hybrids is shown and it is 
likely that more than one factor is involved. 


Table 11 



Average 

thickness 

S.D. 

M. album . 

432 {ji 

± 80 

M, album $ X M. dioicum cJ. 

376 (j. 

± 55 

Af. dioicum ? x Af. album S . 

366 [A 

± 52 

Af . dioicum . 

261 u 

+ 57 


The felling of the trees in a woodland at Wraysbury, Middlesex, 
enabled a comparison to be made between leaves developed by plants 
of M. dioicum exposed to full daylight and comparable plants left in 
the shade. There was a difference of 5.4% in the thickness of the ground 
leaves. Similarly, the leaves of this species in the Experimental Garden 
were 7.6% thicker than those of the parent-population in the shade 
of Broadwater Wood, Walton-on-Thames. Plants transferred from 
the very moist soil of a stream-bank to relatively dry grass-heath 
showed no significant increase in leaf-thickness. 

It appears that ground leaf- thickness may be useful at least as an 
indicator, in winter, of where to look for other features of hybridisa¬ 
tion. The character is “non-constitutive*' and slightly “plastic*’. 

The figures quoted above refer to the “lowland ecotypes” occurring 
in the British Isles. M. dioicum subsp. zetlandicum possesses much 
thicker leaves (Baker, 6, 8, 12) and Turesson’s measurements (43, 
44) show that the coastal, sub-alpine and alpine ecot 3 q>es in Scandina¬ 
via also have thicker leaves. Therefore, care must be taken that only 
populations derived from the same form are compared and the pos¬ 
sibility of geographical variation within any form cannot be ignored. 


Development of ground-leaf rosette 

Plants of Af. dioicum develop a rosette of ground-leaves at the end 
of each flowoing season, whereas with M. album such a rosette 
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only develops if germination is too late for flowering to occur in that 
season. Among hybrids, the first generation of each cross tends to 
resemble M, album. In view of the sensitivity of this *'non-constitutive, 
plastic** character to environmental conditions, it has a restricted use 
in the indication of natural hybridisation. 

Hairiness 

Data presented elsewhere (Baker, 6) shows that the leaves of 
M. album are hairier than those of M. dioicum and the same relation 
holds for the stems. There is considerable difference of opinion among 
authors concerning the hybrids (cf. Gagnepain, 22, 23; Compton, 18) 
which are generally intermediate although the difference is insufficient 
to give much hope of diognostic value and is further obscured by in¬ 
dividual variation. 

Glabrous forms of both species and of the hybrid have been found 
in nature. The genetics of these forms has been discussed by De 
Vries (45) and Bateson and Saunders (13). M. dioicum subsp. 
zeUandicum is exceptionally hairy, a feature which is maintained in 
cultivation (Baker, 6, 8, 12) and there is considerable variation within 
English material (the most hairy plants corresponding with those 
which were named M. silvestre var. viUosum Celak. (Rouy and Fou- 
CAUD, 36) and Melandryum dioicum var. villosum subvar. villosissimum 
by Compton (18)). An exceptionally hairy variety of M. album (Me- 
landrium pratense'RoiVL. var. crassifolium Lange) occurs in Portugal, 
Spain and southern France. Herbarium material gives the impression 
that a dine exists within the latter species, showing as an increase in 
hairiness of shoots as plants from stations progressively southward 
across Europe are studied. The direct variation of hairiness with ex¬ 
posure and in inverse ratio to the size of the leaf has been shown 
for both species (Baker, 6). Because of the variability of this 
‘*non-constitutive, plastic*' character, it is obvious that the hairiness 
of a specimen is of little value in deciding upon its ancestry. 

Glandular hairs 

Compton (18) stated that the shoots of M. aUmm bear long, eglan- 
dular hairs below and shorter, glandular hairs above while the hairs 
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of M, dioicum are eglandular. Nevertheless, glandular hairs are borne 
upon the calyx of the latter species. L(3ve (29) noticed glandular 
hairs on some individuals of M. dioicum and remarked that an absence 
of glandular hairs is not uncommon in M. album in certain regions. 

Form of the root-system 

The typical root-systems of both species are described elsewhere 
(Baker, 5, 8). The root-systems of hybrids vary considerably between 
the extremes represented by the parents but, on the whole, appear to 
resemble the stouter system of M. album more closely. The enormous 
influence of the environment and the necessity of digging up the plants 
renders the difference between the expressions of this “non-constitu- 
tive, plastic'* character of little use in diagnosis. 

Phenology 

It was observed that plants of M. dioicum began flowering about a 
fortnight earlier than those of M, album, the hybrids being inter¬ 
mediate with some matrocliny. Nevertheless, the effect of the environ¬ 
ment upon this difference is profound and renders the phenology of 
little value. 


Flowering in first season 

Seeds of both species sown in the open on December 3rd germinated 
in the following March. A second batch of seed sown on March 15th. 
germinated about 3 weeks later. By the end of the flowering season, 
the whole of the plants from the seed of M. album had flowered in 
comparison with 21% of the December sowing of M. dioicum and 9% 
of the March sowing of that species, respectively. Seed of both species 
and both hybrids sown on July 3rd. produced flowers on 7% of 
M, album, 10% of Af. dioicum, 12% of Af. dioicum ? x Af. album i 
and 10% of Af. album $ x Af. dioicum cj. 

It appears that if germination of seeds of Af. album occurs by early 
summer, flowering will probably occur in the same season. With later 
germination, only a portion of the resulting plants will flower before 
the second season. With Af. dioicum, however early the germination 
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only a small percentage of the plants will flower in their first summer. 
De Vries (45) stated that this property of Af. album is dominant 
to the condition in M. dioicum and, as far as they can be interpreted, 
the results obtained by Shull (40) also point in this direction. M. 
dioicum subsp. zetlandicum has consistently shown no blooming until 
the second summer after germination. It is probable that the small 
proportion of plants of M. dioicum subsp. villosum which flower in 
the first summer indicate slight genetic heterogeneity in this subspe¬ 
cies. The behaviour of the sub-alpine and alpine ecotypes of this spe¬ 
cies is unknown. 

There is no doubt that the incidence of flowering is strongly influenc¬ 
ed by the environment. Both species are "'long day plants” (Stan¬ 
field, 42 and Warmke, in litt.) and excessive shading prevents the 
flowering of both species although it will occur at a lower light-in- 
tensity with M, dioicum subsp. villosum than with the other forms exa¬ 
mined here. The difference between the species, therefore, is in the 
expression of a ”non-constitutive, plastic” character, 

DISCUSSION 

Gagnepain (22,23), Compton (18), Bentham and Hooker (14) 
and several authors of local floras have suggested possible means of 
distinguishing hybrids between these species, seldom suggesting the 
same characters and not always preserving freedom from disagree¬ 
ment. 

The primary object of this investigation has been to discover 
suitable characters for the diagnosis of interspecific hybridisation in 
the field in accordance with the proposals made in another publication 
(BAkER, 7). The most convenient character would appear to be the 
length of the calyx-teeth. Determinations of the amount,of pollen- 
sterility, the diameter of pollen-grains; direction of capsule-teeth; 
capsule size and shape; and pedicel-length may be made with more 
or less advantage. In certain cases, the diameter and colour of the co¬ 
rolla; colour, weight and morphology of seeds; leaf-index; thickness of 
leaves; presense of glandular hairs; and form of root-system, may be 
usefully made. Various characters concerned with the habit of the 
plant may support the latter group in directing attention to those 
which are more reliable while conveniently and accurately determin¬ 
able. “Constitutive” characters can give some measure of the amount 
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of hybridisation in the history of a population while some of the ''non- 
constitutive” characters may give some measure of the severity of 
natural selection after hybridisation. The "epharmonic*' and “func¬ 
tionary characters will always be of greater value than those labelled 
“plastic'y. 

A feature which has emerged from this investigation is the preva¬ 
lence of matrocliny in these inter-specific crosses. In almost all cases 
where the hybrids are intermediate between the parents they tend to 
resemble their maternal parent to a greater extent. However, these 
effects, although manifest in the mature plant, are relatively small 
in magnitude and in no case has the influence of the maternal parent 
proved to be completely dominant. In all cases it appears that char¬ 
acters whose inheritance depends upon a number of factors are in¬ 
volved. In these respects the present results contrast with some re¬ 
ported by L5ve (29) for the inheritance of a number of characters in 
crosses involving a certain strain of M. album. Here the offspring were 
identical with the maternal parent. The characters involved were 
anthocyanin-development, size of flowers, inflation of calyx, type of 
petalophore, pollen-size, habit of plant and certain cytological char¬ 
acteristics. Hairiness, however, was of the same degree as in normal 
inter-specific hybrids. As LOve mentions, such a strong “plasmatic 
influence" is the exception rather than the rule in Melandrium (in 
contrast to Epilobium) while the much less complete matrocliny ap¬ 
pears, from the present results, to be a more frequent feature. Like 
L6ve, the present author is inclined to ascribe it to C 3 doplasmic 
rather than sex-linked inheritance although the occurrence of the 
latter within the genus (corresponding with the existence of well-de¬ 
fined sex-chromosomes) is undeniable (cf. Wince, 50; Westergaard, 
48, 49; Baker, 11). 

The importance in natural hybridisation of partial matrocliny, 
such as is shown here, is probably not great although it may pro¬ 
vide a “buffering" action by means of which the influence of foreign 
genes may be toned down so that the resulting plants are less out of 
harmony with the environment of the seed-parent than might other¬ 
wise be the case. With more complete matrocliny, it may be possible 
for a considerable re-organisation of the nuclear genot 5 T)e to occur 
before ultimate expression in the phenotype and consequent exposure 
to selection. 
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SUMMARY 

1. The necessity of the present investigation for the reliable diagno¬ 
sis of natural inter-specific hybridisation is emphasised. 

2. The mode of inheritance of twenty-four pairs of contrasting 
characters is described and each character is classified as the result of 
transplant experiments and field observations. The most suitable for 
the present purpose are enumerated. 

3. Partial matrocliny is found in the inheritance of most characters 
which appear to depend upon the cumulative action of a number of 
genes. Such matrocliny is seen to be probably the result of C 5 d:oplasmic 
inheritance. The importance of matrocliny in nature is discussed. 
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INTRODUCTION 

Les T^n4brionid4s n’ont que trte peu exploit cytologiquement: 
SuoMALAiNEN (1940), dans une revision complete de nos connaisaaices 
sur les chromosomes des Coltopt^%s, ne cite que trois repr^ntants 
de cette famille, et les Etudes dont ceux-ci ont fait I'objet, tout en se 
r4v41ant int^ressantes, sont demeurdes incomplites ou pr^ntent des 
conclusions difficiles k admettre actuellement. 

Le Tetiebrio mtditor L. a £t4 examine d^jil en 1905 par Steveks qui 
compte dans les deux sexes 20 chromosomes diploides. Les m&les sont 
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pourvus d'un X de grande taille et d'un Y punctiforme qui se s6pa- 
rent prer&luctionnellement i la maturation, mais les propri6t& cy- 
tog^n^tiques du complexe sexiiel n’ont pas ^t^ d^crites. 

Pour Nonidez (1915), le Blaps waltli Seidl. pr&ente 34 chromo¬ 
somes spermatogoniaux qui ont k la m^iose un comportement inatten- 
du: on observe a la premiere division r^ductionnelle 18 ^l^ments et 
un chromosome X ; les spermatocytes de second ordre sont de deux ca¬ 
tegories et renferment les uns 16 chromosomes, les autres 17 auto- 
somes et rheterochromosome. Le mecanisme de cette segregation ir- 
reguliere reste mysterieux. On pourrait faire appel k la formation 
d'univalents ou k la presence de chromosomes surnumcraires, ce qui 
demanderait une confirmation, a moins qu’une technique insuffisan- 
te soit a I'origine d'observations etrang^res k la realite. Le cas meri- 
terait d'etre revu. 

Pour Nonidez encore (1920), le Blaps lusitanica Merest montre 35 
chromosomes lors de la phase de multiplication, 15 bivalents et un 
jxintavalent k la division auxocytaire. A I'anaphase de la premiere 
division de maturation, quatre elements de ce dernier se dirigent 
vers le mSme pole tandis que le cinquifeme gagne le p61e oppose, et 
donnent ainsi des secondes divisions reductionnelles a 16 et 5. 19 
chromosomes, le comportement des bivalents etant normal. L'auteur 
americain estime quc cette espece est caracterisee par une digametie 
male XO et que sur rheterochromosome se fixent quatre autosomes. 
Cette interpretation a ete modifiee en 1924 par Wilson, pour qui le 
pentavalent est un complexe sexuel multiple XiX 2 XyX 4 Y. Mais, 
comme I'a releve White (1945), la formula chrbmosomique de la femel- 
le n'est pas connue et Ton pourrait aussi bien admettre qu'il s'agit 
d'une heterogametie male XYiYiY^Y^^ D'autre part, le mode 
d'union entre heterochromosomes n'a pas ete precise. 

Bien qu'exigeant une etude compiementaire, ces travaux revfelent 
toutefois que, relevant d'une digametie male commune k beaucoup 
de Coieopteres, les Xenebrionides possfedent des chromosomes sexuels 
multiples. 

Gu^nin (1948, 1949) a repris I'examen du Blaps lusitanica Merest 
et a donne la formule chromosomique de quatre autres esp^ces du 
genre: 
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(JcJ 

BJmitanica H. 19= 16 +-X’i-X' 2 V' 
BMhiferaU. Zl^M+XiXiY 
B.mortisagaL. 36^32+XiX2XiY 
B,mucronaia L. 36=32+-X'i-X'2A!‘3.Y 


?? 

20=16+XiXiX2X2 
38=34■f^iM2A^2 
38=32+X,X,X2M3A^3 
38=324-Xi-X',M2W3 


B,gigash. 35^30 +XiX2X^X4Y 38=30+XiX,X2W3X3M4 


Ainsi les Blaps les plus frequents en Europe centrale et m^ridionale 
pr^sente un m4canisme sexuel complexe du type male Xn — Y, Mais 
les r^sultats de Gu^nin ne concordent pas avec ceux de Nonidez 
quant au Blaps lusiianica Herbst, bicn que le matdriel de celui-1^ 
ait 6t6 ddtermin^ par deux entomologistes specialistes. Les causes de 
cette divergence seront examinees ult^rieurement. 

Pour tenter de comprendre comment 4taient apparus ces chromo¬ 
somes sexuels multiples au cours de revolution, il devenait n^cessaire 
d'entreprendre une etude extensive sur les chromosomes et h^terochro- 
mosomes des T4n^brionid4s. Le present m^moire apporte les obser¬ 
vations faites sur sept espcces dont six n'ont pas encore 6 te Tobjet 
d'invcstigations cytologiques. Ce sont: 

Tentyria mucronala Stev. 

Tenehrio moliior L. 

Tenebrio obscurus F. 

Pimdia bipunciata F, 

Akis bacarozzo Schrank 

Diaperis boleii L. 

Elenophorus coUaris L. 

Ces recherches ont Hi commences lors d'un s^jour k I’lnstitut 
g^n^tique de I’Universit^ de Groningue (Pays-Bas), et poursuivies a 
Lausanne, au laboratoire de Zoologie et d*Anatomie compar^e de 
rUniversit 6 . 


MATERIEL ET TECHNIQUE 

Tous les Insectes examines ont 6t6 captures dans le Midi de la 
France, principalement en Provence et au Languedoc, en juin 1948 
et de mars k juillet 1949. Je dois la plus grande partie de mon 
mat&iel k Mr Jean Th^rond, entomologiste k Nimes, qui, grice 
k sa connaissance 4tendue des Colfopt&res et de leur habitat, avec 
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un d 6 vouement inlassable, m*a approvisionn 6 sans cesse et guid 6 au 
cours de deux expeditions dans la region mediterraneenne; il a encore 
bien voulu assunier la jieterniination des differentes especes recueil- 
lies. Je tiens k exprimer k ce collaborateur precieux toute ma 
gratitude. 

La digametie male etant etablie chez les Coieopt 6 res, je n'ai pas 
eu recours k des individus femelles. Les testicules des imagos recoltees 
au printemps et en ete contiennent tous les stades de la meiose. Ils 
ont ete preieves sur Tanimal plonge dans une solution physiologique 
de NaCl k 7^1 oo apres incision des parois abdominales, puis traites aux 
melanges suivants: Sanfelice, Bouin-Allen modifie par Bauer, et Flem¬ 
ming acetifie k 3%, apres contrOle au carmin acetique. D*une maniere 
generale tous ces fixateurs m*ont donne d*excellents resultats. Seules 
les divisions reductionnelles de VAkis hacarozzo se sont montrees plus 
sensiblesetne m'ont donne satisfaction qu’apres fixation au Flemming 
dilue selon une formule voisine de celle preconisee par Asana, Making 
etNiiYAMA (1942): solution de Flemming fort 5 cc., eau 5 cc., acide 
acetique glacial 0,3 cc. Les coupes, epaisses de 12 fx, ont ete colorees 
le plus souvent au cristal violet, plus rarement k Thematoxyline 
ferrique et k la fuchsine sulfureuse de Feulgen, d'apres les techniques 
usuelles en cytologie. 

Les images retenues ont ete esquissees k la chambre claire Leitz 
avec le dispositif optique que voici: objectif k immersion 1 / 12 , oculaire 
compensateur 20 X, le tube du microscope etant tire k la marque 170 
et le papier reposant sur la table. Les dessins ont ete acheves apres 
agrandissement, puis reduits au moment de Timpression de maniere 
k obtenir un grossissement lineaire definitif d'environ 6,500 diametres. 

OBSERVATIONS PERSONNELLES 

f 

Malgre les techniques les meilleures, qui permettent une numeration 
certaine, les chromosomes des Coieopteres ne se pretent guere k une 
analyse cytologique tres poussee. La morphologic des elements 
diploides n'apparait pas toujours avec evidence et la configuration 
des bivalents auxoc 5 rtaires est souvent masquee par une forte nuciei- 
nisation. Les observations suivantes ont done ete limitees essen- 
tiellement k Texamen de la formule chromosomique et aux proprietes 
des chromosomes sexuels. 
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a) Teniyriamucronala Stev. 

(fig. 1 4 13) 

Les divisions spermatogoniales (fig. I et 2) comptent 20 chromo¬ 
somes dont les dimensions lin6aires sont comprises entre 0,5 et 2 jjl, 
Texception d*un 616ment plus petit qui n*atteint que 0,25 |x environ. 
Neuf d'entre eux, situ6s le plus souvent k la p6riph6rie de la plaque 



Fig. 1 et 2. Tentyria mucronata Stev. Divisions spermatogoniales. (Bouin-Allen, 

cristal violet). 

m^taphasique, ont un attachement median; quatre autres sont sub- 
m^tacentriques, avec un bras court d'une longueur approximative- 
ment 6gale au quart de celle du bras long; cnfin, les derniers ont un 
kin6tochore dont la position est impossible k determiner d*une maniere 
precise: ils occupent le centre de la figure; ils sont de taille r^duite et 


Fig. 3 et 4. Tentyria mucronata Stev. Caryogrammes de divisions spermato¬ 
goniales. 

sans courbure caract6ristique; la constriction primaire fait compl6te- 
ment d6faut. Les chromosomes sexuels s'identifient ais6ment. En 
effet, le chromosome Y correspond k r616ment de petite taille puis- 
Genetica XXV 11 
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qu*il n*a pas de partenaire homologue et que son aspect est identique 
k celui que plusieurs auteurs ont decrit chez d*autres Col6opt^res; VX 
est un chromosome m^tacentrique, ce que laissait prevoir le nombre de 



Fig. 5~13. Tentyria mucronata Stkv. 5. Le bivalent sexual k la diacin^se jeune. — 
6 ct 7. Premieres divisions reductionnelles en vue polaire. - - 8 ct 9. Premieres 
cin^ses de maturation en vue de profil. — 10 et II. Secondes divisions r^duction- 
nelles avec TX. — 12 et 13. Idem, avec TY. — (5-7, 9-13, Sanfelic«. 8. Bouin— 
Allen. Cristal violet). 

V dont la somme est impaire, et a unc longueur de 0,9 |jl. Les caryo- 
grammes (fig. 3 et 4) confirment ces observations. 

Dfes la diacinese, on relive la pr&encc de 10 bivalents prenant 
fortement le colorant et qui, par ce fait, ont une structure difficile k 
analyser. Le complexe sexuel se remarque toutefois par sa forme plus 
simple et montre que le chromosome Y est fix6 k Textr^mit^ d'un bras 
de VX (fig. 5). A la premiere division de maturation (fig. 6 i 9), les 



CHROMOSOMES ET H^T^ROCHROMOSOMES DE Tl^NlfeBRIONID^S 163 


t6trades sont encore plus volumineuses qu'^i la diacin^se et apparais- 
sent en vue polaire comme 10 spheres compactes plus ou moins d6- 
formfes. Les h6t6rochromosomes ne sont nettement visibles qu'en vue 
lat^rale. Ils torment un bivalent asym6trique qui est le plus souvent 
situ6 en dehors du plan Equatorial et qui est orientE parallElement k Taxe 
du fuseau avec VX le plus EloignE de ce plan. Le chromosome Y prE- 
‘ sente unc partie libre qui se teinte aussi intensEment que les autosomes 
tandis que son point de jonction avec VX montre une hEtcrochromatie 
nEgative. Cette particularitE apparait plus nettement encore dans les 
prEparations au camiin acEtique que dans les coupes. Les deux bras de 
VX se sont resserrEs jusqu'4 accolement complet et donnent k cet ElE- 
mcnt line Epaisseur semblable a celle des tEtrades autosomiques, de 
configuration plus compliquEe, sans qu'aucun phEnomene d*hEtEro- 
pycnose n’intervienne. VXY se separe prErEductionnellement. Les 
secondes cinEses rEdiictionnelles (fig. 10 a 13) renferment toiites 10 
dyades, les lines contenant 9 autosomes et VX, les autres 9 autosomes 

et ry. 

La formiile chromosomique du Tentyria mucronata Stev. S corres¬ 
pond done ^ 2N ~ 18 + XY. 


b) Tenehrio molitorL. 

(fig. 14 a 20) 

Ainsi que je Tai mentionnE dans Tinlroduction de ce travail, Ste¬ 
vens a dEja dEcrit les chromosomes de ce TEnEbrionidE en 1905. 
Tout en confirmant les observations du cytologiste amEricain, j'ai 
essayE d'apporter ici quelqiies renseignements supplEmentaires ayant 
trait aux chromosomes sexuels de cette espece. 

En accord avec Stevens, le nombre diploide du Tenebrio moliior L. 
est de 20 (fig. 14 et 15). A part le chromosome Y qui est punctiforme 
et dont le diamEtre n'excede pas 0,25 p, les diffErents chromosomes 
niontrent entre eux des longueurs assez peu variEes. Les plus grands 
atteignent 2|x et les plus petits ne sont pas infErieurs k 1,5 p.. Dans 
toutes les prEparations que j’ai examinEes, provenant de matEriel fixE 
par diverses mEthodes et renfermant des cinEses dont la numEratioii 
ne laisse aucun doute, les ElEments sont toujours trEs larges, fortement 
colorEs, et la position du centromEre reste imprEcise. Toutefois, en 
tenant compte de la morphologic des chromosomes, de leur orientation 
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au fuseau lorsqu’ik se placent i la p6riph6rie de la plaque 6quatoriale, 
et de leur comportement 4 I'anaphase, il est certain qu'au moins 13 



Fig. 14 et 15. Tenebrio molitor L. Divisions spermatogoniales. (Sanfclice, cristal 

violet). 
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Fig. 16 et 17. Tenebrio molitor L. aryogrammes de divisions spermatogoniale 



CHROMOSOMES ET H^T^ROCHROMOSOMES DE T^N^BRIONIDlts 165 


chromosomes sont des m6tacentriqiies. A ces derniers appartient le 
chromosome X dont la taille est d'environ 1,5 p. (fig. 16 et 17). 

La digam6tie male de tyf)e XY nc fait Tobjet d*aiicune contestation: 
de m^me que Stevens, j'ai releve an cours de la m6iose la presence 



Fig. 18-23. Tenebrio molitor L. 18 et 19. Diacin^s jeunes. — 20. Le complexe 
sexuel au m'toe stade. — 21. Premidre division de maturation en vue polaire. — 
22 et 23. M6me stade mais en vue de profil. (Sanfelice, cristal violet). 
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de 9 bivalents autosomiques et du complexe sexuel. A la diacin^se, 

les autosomes constituent des t6trades de configuration simple qui 

sont toutes caract6ris6es par deux chiasmas compl6tement terminali- 

s6s. Les h6terochromosomes nc sont pas toujours faciles a identifier 

k ce stade car ils simulent sou- 

vent une tdtrade sym6trique; 

les deux bras du chromosome X 

forment un angle aigu et enser- 

^ rentry par leur partie distale 

(fig. 19). Mais ce n*est qu’un 

\ artefact car dans les cas les plus 

^ favorables a I’observation on 

rig. 24. lenebrto wiomof L. Anaphase de 

division auxocytaire. (Sanfehee, cristal remarqiie que le chromosome Y 
violet). est uni a un seul bras de son par- 

tenaire (fig. 18 et 20). Dans les 
diacincses tr^s jeunes, ou la spiralisation des chromosomes sexuels 
est en retard sur celle des autres elements, le point d'attachement 
de VX kVY est euchromatique, ainsi que la region libre do ce dernier, 
tandis que les autres parties manifestent une h^t^rochromatie negative 
(fig. 19), Cette particularity disparait rapidement et le bivalent sexuel 
prend alors le colorant avec autant d’intensity quo les autres paires (fig. 
20). Lorsque les tytradesse sont orienteesaufuseau,elles ont subi une 
forte nuciyinisation et, en vue polaire (fig. 21), il n'est plus possible 




Fig. 25 et 26. Tenebrio molitor L. Diasters d'une anaphase de premiere division 
r6ductionnelle. (Sanfelice, cristal violet). 

de rep^rer les chromosomes sexuels. En revanche on les reconnait 
facilement en vue de profil (fig. 22 et 23), TY rappelant la nacelle d’un 
aerostat dont le ballon serait repr&enty par VX, Dans les figures les 
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plus Claires (fig. 23), on peut constater que la structure du complexe 
sexuel correspond bien k celle que Ton relkve k la diacinkse. Tant6t, 
conune chez Tentyria mucronata Stev., la tktrade hktkrochromosomi- 
que demeure en dehors de la plaque mktaphasique, avec I’Y toujours 
en direction de cette demikre; tant6t elle s’inserre au niveau des auto- 
somes. Lors de I’anaphase auxocytaire, I’XY subit une segregation re- 
ductionnelle et ses constituants effectuent leur ascension polaire en 
rnkme temps que celle des autres dyades (fig. 24). Les secondes cinkses 
sont done toutes k 10 eikments, mais diffkrent entre elles par la prksence 
de VX ou de rV, ce que prouvent les diasters des figures 25 et 26. 

C’est bien k juste titre que Ton attribue au Tenebrio molitor L. 
<?2N := 18 h XY. 


c) Tenebrio ohscurusF. 

(fig. 27 k 37) 

Cette espkee prksente la meme formulc et le mkme portrait chromo- 
somiques que le Tenebrio molitor L., si bien que la description prk- 
cedente peut s’appliquer rigoureusement id. En effet, on retrouve 
20 chromosomes diploides aux dimensions allant de 1,1 k 2 (x, k I’ex- 
ception de I'y qui est punctiforme et dont Ic diamktre ne dkpasse pas 
0,25 |x. nombre de V est aus.si klevk que I'ktait celui de I’espkce 
voisine et comprend le chromosome X dont la longueur est de 1,5 p. 
Une seule diffkrence est k noter entre ccs deux formes; les klkments 
mitotiques sont toujours plus minces chez T. obscurus que chez 
T. molitor bien que leur longueur soit identique. 

Au cours de la mkiose, les observations sur ces deux espkees con- 
cordent aussi; le nombre haploide est de 10; les bivalents autosomiques 
sont de mkme configuration et la tktrade sexuelle montre la mkme 
morphologie et le mkme comportement; les deuxikmes divisions 
rkductionnelles se distinguent kgalenient entre elles suivant qu’elles 
ont re?u le chromosome X ou Y. 

iRTen^ioobscurusY, (Ja,commeler. wo/ttorL., 2N = 18 + XY. 
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27 21 

Fig. 27 t‘t 28. Tenebrio obscurus F. Divisions spermatogoniales. (Sanfelice, 

cristal violet). 
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Fig. 29 et 30. Tenebrio obscurus F. Caryogrammes de cin^ses spermatogoniales* 
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Fig. 31'37. Tenebrio obscurus F, 31. La tetrade soxuelle k la diacindse. — 32 et 
33. Divisions aiixocytaires en vue polaire et de profil. — 34-37. Deuxidmes di¬ 
visions r^ductionnclles avec I’Y ou TX. (Sanfclice, cristal violet). 

d) IHmelia bipunctata F. 

(fig. 38 k 50) 

Ce T<Jn4brionid^ diff^re des trois esp^ces pr6c6dentes par iin nombre 
diploidc plus petit qui est de 18 (fig. 38 et 39). En disposant les chro- 



Fig. 38 et 39. Pimelia bipunctata F. Mitoses spermatogoniales. (Flemming* 

cristal violet). 
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mosomes spermatogoniaux par ordre de grandeur (fig. 40 et 41), 
on reniarque qu'ils fomient une s^rie d^croissante allant de 1,6 4 0,7 [jl; 
seul le chromosome Y, punctiforme, s*6carte des dimensions pr6cit6es 

Fig. 40 et 41. Pimelia bipunctata F. Caryogrammes de divisions spermatogo- 

niales. 

par un diamfetre de 0,25 [x. Toutes les images observ6es offrent les 
difficult^ que j*ai d6j4 relevees en d^crivant les esptees examinees 
plus haut lorsqu’il s’agit de d6nombrer avec certitude les mdtacentri- 
ques, II est possible d'affimier que 9 chromosomes appartiennent k 
cette categoric, y compris le chromosome X dont la longueur est 
voisine de 1,2 (x. 

Le comportement m^iotique des autosomcs et des heterochromoso¬ 
mes est semblable k celui que j'ai observe chez Tentyria mucronaia 
et chez les Tencbrio molitor et obscurus, c'est-^-dire que les 9 tetrades 
sont fortement chargees d'acides nucl6iques et ne r^velent gu^re de 
details quant k leur structure. Le bivalent sexuel s'oriente au fuseau 
au niveau des autosomes sans occuper une place prefdrentielle dans 
le plan Equatorial. A nouveau, le chromosome Y est attacliE k un seul 
bras de VX, ce que montre clairement la diacinEse (fig. 42), mais 
en mEtaphase de premiEre division reductionnelle, les deux bras du 
chromosome A” se ferment et donnent k cet Element une forme ovoide. 
Les segments qui unissent les deux hEtErochromdsomes sont nEgative- 
ment hEtErochromatiques. A Tanaphase auxocytaire, moment oii 
s'opEre la sEgrEgation rEductionnelle des chromosomes sexuels, il ap- 
parait une petite granulation Equidistante de ces demiers qui demeure 
dans le plan Equatorial jusqu’4 la tElophase (fig. 48). Elle ne correspond 
pas k une masse de chromatine EliminEe car elle est Feulgen nEgatif, 
ni a un corps chromatoide car elle disparait pendant TintercinEse. Les 
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secondes cin^ses, num^riquement ^ales, renferment 9 dyades auxqiiel* 
les s'ajoute soit le chromosome X, soit le chromosome Y. 

Pimelia bipunctata F. cf est caract^ris^ par 2N == 16 + XY, 



Fig. 42-50. Pimelia bipunctata F. 42.1'XY k la diacin^e. — 43 et 44. M^taphases 
de premiere division r^ductionnelle en vue polaire. — 45. M^me stade mais en 
vue de profil. — 46 et 47, Deux p61es d’une anaphase de division auxocytaire 
en vue polaire. — 48. Anaphase de premiere division r4ductionnelle en vue la- 
t4rale. — 49 ct 50. Secondes divisions de maturation avec TX ou TY. — (42-43, 
46-'50, Flemming. 44-45. Bouin -Allen. Cristal violet k Texception de 48 qui est 

color6 au Feulgen). 
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e) Akis bacarozzo Schrank 
(fig. 51 ^ 60) 

VAkis bacarozzo Schrank ne possede qiie 16 chromosomes diploides 
qui sont presqiie tous acrocentriques: seuls VX et unc paire d'autoso- 
mes de petite taille sont m6tacentriqiies. Les mensurations des 
divers 616ments donnent les dimensions allant de 1*8 [jl pour les plus 
longs k 0,9 (JL pour les plus courts; le chromosome X est de 1,6 [ji, 
tandis que VY correspond k Tun des chromosomes les plus p)etits, 
sans qu*il soit punctiforme comme dans les cspeces examinees jusqu*ici 
(fig. 51 i 54). 

Les divisions auxocytaires groupent 8 bivalents (fig. 55 a 58) dont 



Fig. 5 let 52. Akis bacarozzo Schrank. Mitoses spermatogoniales. (Flemming 

fort, crista] violet). 


I M I Mliitiif 1(1 

Fig. 53 et 54. Akis bacarozzo Schrank. Caryogrammes de divisions spermato¬ 
goniales. 


la configuration, observfe en vue de profil, confirme la position acro- 
centrique du centromere qui avait 6t6 not6e dans les divisions sperma- 
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togoniales. Un seul chiasma retient les composants de chaque t^trade. 
Le complexe sexuel est 4galement de structure simple et montre 
aussi un Y attach^ k Tun des bras de VX; il demeurc dans la plaque 



Fig. 55-60. Akis bacaroj:zo Schrank. 55-56. M6taphases de division auxocytaire 
en vue polairc. — 57-58, Le ni6me stadc mais en vue dc profil. —59-60. Deu- 
xi^mes divisions de maturation. (Flemming dilu^, cristal violet). 


6quatoriale et s'oriente au niveau des autosomes. Ici encore, la pr^r6- 
duction est de rdglc et determine des secondes cincses de maturation 
k 8 dl6ments dont VX ou VY (fig. 59 et 60). 

La formule chromosomique de YAkis bacarozzo Schrank S est done 
de 2N - 14 + XY, 


f) Diaperis boleti L. 

(fig. 61 k 70) 

Des sept espfeces examinees dans ce travail, le Diaperis boleti L. 
est le seul T6n6brionid6 dont les chromosomes se pretent k une analyse 
plus approfondie. 

Les 616ments diplofdes sont au nombre de 14 et se repartissent 
d'apr^s la position de leur centromere en 10 chromosomes metacentri- 
ques et en 4 chromosomes acrocentriques (fig. 61 et 62). Leur longueur 
respective est comprise entre 2,1 et 1 p. L'etablissement des caryo- 
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grammes peimet de les apparier d’une manifere peu arbitraire et d’iden- 
tifier les h6t6rochromosomes (fig. 63 et 64). Le chromosome X est 
im des plus grands chromosomes et poss^de deux bras in^gaux, 



Fig. 61 et 62. Diaperis boleii L. M^taphases spermatogoniales. (Sanfelice, cristal 

violet). 


le plus court correspondant au tiers de la longueur du plus long. UY 
se trouve parmi les plus petits chromosomes et est nettement metacen- 
trique. 

On constate la presence de 7 bivalents k la maturation (fig. 66). Les 

n7rii(U(Mr< 

Fig. 63 et 64. Diaperis holeti L. Caryogrammes de divisions spermatogoniales. 

t6trades autosomiques ne montrent g6n6ralement qu'un seul chiasma 
par 616ment, plus rarement deux, ce qui apparait d6j4 clairement 
k la diacinfese jeune (fig. 65). Le complexe sexuel prend d6s ce stade 
la forme d'un U dont Tune des branches est unie Fun des bras du 
chromosome F; a la premiere division r6ductionnelle et en m6taphase 
vue de profil, il se distingue des autosomes par son aspect qui rappelle 
un 3 dont la partie la plus courte repr&ente VY (fig. 67). A Tencontre 
de ce que Ton observe chez les autres T6n6brionid6s, le degr6 de ter- 
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niinalisation est moins dans cette esp^e et ce n'est qn’au d4but 
de I'anaphase que les chiastnas se resolvent (fig. 68 ). La separation des 
heterochromosomes est s 5 mchrone de celle des autres paires et se fait 



SB 70 


Fig. 65-70. Dtaperis boleti L. 65. Les bivalents k. la diacin^se. — 66 et 67. M6- 
taphascs de premieres cin6ses rdductionneiles en vues polairc et lat6rale. — 68. D6- 
but d'anaphase auxocytaire. — 69 et 70. Deuxi6nies divisions de maturation. 
Tune avcc I’X, I’autre avec I’Y. (Sanfclice, cristal violet). 


toujours reductionnellement. Enfin, les secondes cin^ses de maturation 
(fig, 69 et 70) contiennent les unes 3F de grande dimension (dont I'A’) 
et de 4 petits autosomes, les autres de 2 grands 7 et de 5 chromosomes 
de taille r^duite (dont I’K). 

Le Dtaperis boleti L. poss^de done 2N — 12 - 1 - XY. 
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g) Elenophorus collaris L. 

(fig. 71 ^ 80) 

Les cellules spermatogoniales de ce Col6opt^re renferment 26 616- 
ments pouf la plupart acrocentriques (fig. 71 et 72), de dimensions 



Fig. 71 et 72. Elenopharus collaris L. Divisions spermatogoniales. (Bouin-Allen, 

cristal violet). 
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Fig. 73 et 74. Elenophorm collaris L. Caryogrammes de divisions spennato- 

goniales. 
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lin^aires de 0,6 ^ 1,5 jx, hormis VY, spheroidal et de 0,25 p. de diametre. 
L'identification de VX peut se faire par les caryogrammes (fig. 73 et 74) 
et montre qu*il s'agit probablement d*un chromosome de 1 p de long, 
k attachement median, ce que prouve nettement son comportement 
k la premiere division reductionnelle. 

Cette derniere est composee de 13 bivalents, fortement colores. 



Fig. 75-80. Elenophorus collaris L. 75-77. M^taphases de premieres cin^ses 
maturatives, vues k “pic** et lat<^ralement. — 78. Anaphases auxocytaire. — 
79 et 80. Secondes visisions r^ductionnelles avec TX ou TY. (Sanfelice, cristal 

violet). 


Les 12 tetrades autosomiques s'orientent dans un m^me plan alors que 
le complexe scxuel est constamment en dehors de la plaque equatoriale 
avec ry en position proximate (fig. 75 k 77). Les deux bras de VX 
sont accoies et donnent k cet element un aspect globuleux; I'Y s'unit 
k un seul bras de son partenaire et montre un segment negativement 
heterochromatique correspondant k son point de jonction avec VX, 
Chez cette espfece encore, la prereduction est de r^gle (fig. 78). Toutes 
les secondes cineses de maturation sont k 13 chromosomes mais com- 
prenant soil VX soit VY, 

'L'Elenophorus coUaris L. 5 est done caracterisee par 2N == 24 + XY,' 

Bien que les esp^ces qui viennent d'etre decrites au point de vue 
cytologique ne permettent pas toujours un examen aussi detailie qu'on 
Genetica XXV ' 12 
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le d^sirerait, il est tout de m^e possible de tirer des observations 
pr^c^dentes quelques considerations g^nerales sur la variation de la 
formule chromosomique et sur les propriites des chromosomes sexuels 
chez les Xenebrionides qui presentent une digametie mile de type XY. 

VARIATION DU NOMBRE CHROMOSOMIQUE 

De tous les Col^optires qui ont jusqu’i maintenant etudiis 
cytologiquement, environ le 30% des espices possftdent un nombre di- 
ploide de 20 chromosomes, lequel pent itre considere comme etant le 
nombre modal de Tordre puisqu*on le retrouve dans diverges families 
(Asana, Makino et Niiyama, 1942; White, 1945). Les formules chro- 
mosomiques des autres espices varient entre 12 et 44 eWments, mais 
beaucoup d’entre elles ne s'eioignent guire du nombre modal. II sem- 
ble que pour une grande partie du groupe ce nombre se soit stabilise 
autour de 20 chromosomes c&r, parmi les Ad^ph^es, que Ton admet 
gin^ralement itre les plus primitifs des &>l^optires, ce nombre se 
rencontre chez CAcindela primeriana et chez Chlaenim pennsylvaticm 
(Stevens, 1906). 

Les T6n6brionid6s ne s*4cartent pas i ce point de vue de Tensemble 
des Col6optires. Sur les sept espdces que j*ai examinees, trois ont 20 
chromosomes et une autre 18. Les premieres, Tentyria mucronata 
Stev., Tenebrio molitor L. et Tenebrio obscurus F., en plus de leur 
nombre diploide identique, s'apparentent c 3 ^ologiquement par la pre¬ 
sence de 13 elements metacentriques au moins et leur nombre fonda- 
mental (NF), c'est-i-dire le nombre total de bras, n’est pas inferieur 
i 33. Le tableau chromosomique de la quatriime espice, de Pimelia 
bipunctata F., rappclle celui des formes precedentes bien que n'ayant 
que 18 chromosomes, sans qu'il soit possible de savoir si elle derive 
d'invidus i 20 chromosomes par fusion centrique d’une paire*d'autoso- 
mes ou si elle a subi une evolution independante. Son NF est au mini¬ 
mum de 27, mais etant la difficulte devaiit laquelle on se trouve en 
voulant denombrer avec certitude les elements metacentriques, il 
pourrait etre plus eieve. 

Les autres espfeces different nettement et opt une position isoiee. 
YAkis bacarozzo Schrank possede 16 chromosoipes dont 12 acrocentri- 
ques, ce qui lui donne un NF de 20. Le Diaperis boleti L. renferme 10 
chromosomes i attachement median et 4 acrocentriques, d'ofi son 
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NF == 24. Enfin, VElenophorus coUaris L. montre 26 chromosomes qui 
sont probablement tous acrocentriques, k Texception des 616ments 
sexuels, et son NF atteint 28. 

La variation du nombre chromosomique des T6n6brionid6s ne parait 
pas due essentiellement k des modifications structurales simples, tel- 
les que des fusions centriques ou des translocations r6ciproques: elle 
s'est produite vraisemblablement par des ph6nom^nes plus complexes. 

propri6t6s des h£t6rochromosomes 

Si les esp^s qui ont 6t6 6tudi6es dans ce travail pr6sentent une 
variation importante du nombre chromosomique diploide, les 616ments 
sexuels possMent des propri6t6s qui sont communes k toutes. 

1. Les h6t6rochromosomes sont nettement h6t6rologues. 

2. Ils sont toujours m6tacentriques. 

3. Ils ne s*unissent que par un seul bras au cours de la m6iose. 

4. Ils s*orientent d'une mani^re d6termin6e k la m6taphase auxo- 
cytaire. 

5. Ils subissent toujours la pr6r6duction. 

La difference de taille entre chromosomes sexuels d'une m^me esp^ce 
est evidente par le simple examen des figures mitotiques, mais en 
tenant compte des rapports entre la longueur de VX et celle de TY, 
on obtient la s^riation d^croissante suivante: 


Tenebrio molitor L.6 

Tenebrio obscurus F.6 

Pimelia hipunctaia F.4,8 

Elenophorus collaris L.4 

Tentyria mucronata Stev.3,6 

Diaperis boleti L.2,1 

Akis bacarozzo Schrank.1,6 


Si les chromosomes sexuels constituaient primitivement une paire 
homologue qui s'est modifiee au cours des temps, le Tenebrio molitor 
et le r. obscurus se sont, k cet 6gard, le plus specialises. 

Le chromosome X est sans aucun doute un element k attachement 
median. La position du centromere de VY est nettement metacentrique 
chez le Diaperis boleti alors qu'elle n'apparatt pas chez les especes dont 
rheterochromosome est punctiforme. Toutefois, la configuration du 
complexe sexuel k la diacinese et son comportement k la premiere 
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division r^ductionnelle permettent d'affirmer qu*il s*agit 6galement 
d'un m^tacentrique. 

VX et VY m^iotiques s'unissent constamment par la partie termi- 
nale de Tun de leurs bras. La morphologic du bivalent sexuel et la 
mani^re dont ce dernier se disjoint militent en faveur d*une union 
chiasmatique. En effet, le chiasma s'observe k la diacin^se de toutes 
les esp^ces que j*ai ddcrites avec plus ou moins d*6vidence, mais ap- 
parait clairement chez le Diaperis holeti; le point de jonction entre 
h^t^rochromosomes manifeste une het^rochromatie negative qu’ex- 
plique la tension produite par la repulsion centrom^rique sur un 
chiasma terminalis^; la separation de la tetrade heterochromosomique 
s'effectue avec une certaine resistance qui se traduit par un pont de 
chromatine au debut de Tanaphase; enfin, la presence d’un seul chias- 


X 



Fig. 81. Schema montrant la localisation des segments pairs et dilfdrentiels 

chez les Tdndbrionidte (en noir et en pointing, les segments diffdrentiels). 

ma fait comprendre que la pr^r^duction soft toujours de rtgle. Ainsi le 
segment pair se trouve localis6ii I’extremite d’un bras et n’occupe 
qu’une faible region des chromosomes sexucls, ce qui confirme I’inter- 
pr4tation qu’en a donn4e Darlington (1937). II semble meme que les 
dimensions du segment pair, telles qu’oh peut les appr6cier k I’^chelle 
cytologique, ne varient gudre entre difKrentes esptees, seul le segment 
diff^rentiel a une longueur plus ou moins grande suivant la* taille du 
chromosome X (fig. 81). C’est sur ce segment que se localiserait le 
facteur determinant la couleur jaune de I’oeil de Tenebrio molitor 
L. (Ferwerda, 1928). 

Le bkralent sexuel est souvent dispose en dehors du plan equatorial 
k la metaphase de la premifere division reductionnelle et s’oriente pa- 
ralieiement 41’axe du fuseau. Mais la position des heterochromosomes 
est toujours constante, c’est-4-dire que TF est en regard de la pla¬ 
que metaphasique et r.Y dirige vers le p61e le plus proche. Au moment 
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de I'anaphase, le chromosome Y, aprfes s'^tre s6par^ de son partenaire, 
gagne la region 4quatoriale du fuseau, rejoint les dyades autosomiques 
et gagne le centrosome qui 4tait le plus elogn^ de sa position primi¬ 
tive. Le complexe sexuel ne forme pas toujours une plaque accessoire 
chez toutes les esp^ces que j'ai examinees: il le fait constamment 
chez Elenophorus collaris, parfois chez Tentyria mucronata, tandis 
qu'il est au niveau des autosomes chezjes autres formes. Ce compor- 
tement nc pcut etre attribu^ k la forme asymetrique de la tetrade qui 
en modifierait T^quilibre puisque VX et VY des Tenehrio molitor et 
obscurus ont les tallies les plus diff^rentes et occupent une position nor- 
male au fuseau. La presence d*un seul chiasma dans la paire sexuelle 
ne joue 6galcmcnt aucun r61e puisqu'elle est commune k toutes les es- 
p6ces. Les causes de cette particularity sont pratiquement impossibles 
a determiner et, comme le fait remarquer Matthey (Matthey et 
Aubert, 1947) : ,,nos connaissances sur le m^canisme de la mitose et 
sur les forces qui agissent au cours de ce processus sont bien trop in- 
suffisantes pour que nous soyons capables, alors qu*une conception 
g^n^rale nous manque, de comprendre des cas particuliers"'. 

CONCLUSIONS 


1. Le present travail decrit la formule chromosomique de 7 esp^ces 
de Tenebrionidys dont six sont nouvelles pour la cytologie: 


Esp^ces 

2N 

N 

Chrom. sec. ^ 

Tentyria mucronata Stev. 

20 

10 

XY 

Tenehrio molitor L. 

20 

10 

XY 

Tenebrio obscurus F. 

20 

10 

XY 

Pimelia bipunctata F. 

18 

9 

XY 

Akis bacarozzo Schrank. 

16 

8 

XY 

Diaperis boleti L. 

14 

7 

XY 

Elephorus collaris L. 

26 

13 

XY 


2. La variation du nombre chromosomique ne parait pas etre due 
k des modifications structurales simples. 

3. Les chromosomes sexuels possAdent des propriytys communes k 
toutes ces esp^ces. 













182 


H. A. GUI^NIN 


AUTEURS CIT&S 

Asana J. J., S. Making et H. Niiyama (1942). A chromosomal survey of some 
Indian Insects. IV. On the sex chromosomes of some species of beetles (Co- 
leoptera). C 5 rtologia 12. 

Darlington, C. D. (1937). Recent advances in cytology. Londres. 26me 4d. 
Ferwbrda, F. P. (1928). Genctische Studien am Mchlk^fcr Tenebrio molitor L. 
M. Nijhoff, La Haye. 

Gu]6nin, H. a. (1948). La formule chromosomique du Blaps mortisaga L. (Col. 
Tenebr.). Experientia VI. 

- (1949). L'4volution de la formule chromosomique dans le genre Blaps (Col. 

Tenebr.). Revue suisse Zoologic 56. 

Matthey, R. et j. Aubert (1947). Les chromosomes des Pldcoptferes. Bull. Biol. 
France et Belgique LXXXI. 

Nonidez, j. F. (1915). Estudios sobre las celulas sexualcs. I. Los cromosomas go- 
niales y las mitosis de maduracion en Blaps lusitanica y Blaps waltli. Mem. 
Soc. Espan. Hist. Nat. 10. 

- (1920). The meiotic phenomena in the spermatogenesis of Blaps, with 

special reference to the X complex. Joum. Morph. 34. 

Stevens, N. M.'(1905). Studies in spermatogenesis with especial reference to the 
,,accessory chromosome**. Carnegie Inst. Publ. 36. 

-(1906). Studies in spermatogenesis. II. A comparative study of the hete¬ 
rochromosomes in certain species of Coleoptera, Hemiptera and Lepidoptera 
with special reference to sex determination. Carnegie Inst. Publ. 36. 
Suomalainen, E. (1940). Beitrage zur Zytologie der parthenogenetischen In* 
sekten. I. Coleoptera. Ann. Acad. Scient. Fennicae. Ser. A. Tom. LIV. 
White, M. J. D. (1945). Animal cytology and evolution. Cambridge. • 

Wilson, E. B. (1925). The cell in development and heredity. New-York. 



NEW LINKAGES IN PISUM, Cr — Gf AND B — L 
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1. INTRODUCTION 

When reading the most recent literature on linkage in Pisum 
(Lamprecht, 2), one is impressed by the increase in our knowledge. 
Nevertheless, a number of doubtful cases and of conflicting results 
remains. Therefore, the establishing of new reliable linkages keeps 
its value. The present publication deals with two such cases, namely 
Cr — Gp and B — L. They were found in a re-orientation for an 
extensive research which, presumably, will take several years and 
has been partly disturbed by the war. 

The methods of handling the plants and of calculating the ob¬ 
servational data are the same as before (7). The value c stands for 
actual deviation divided by standard error in case of independence 
and hence may indicate linkage. The presentation of figures will be 
limited to the linked genes only. Data on the independent relations 
of course are available to research Workers, who might be interested 
in them. 

2. THEG^ES 

Cr, first described by Fedotov (1), is only active in the presence of 
one of the basic genes for flower colour. A, and influences^e purpling 
gene B. The phaenotypic expressions are: 

AACrCrBB: purple 
AA CrCr bbi pink 
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A A crcr BB : crimson 

A A crcr b b : crimson rose. 

Classification difficulties are seldom met with and Cr is a useful 
gene for linkage studies. 

Gp is the gene for green pod colour, in recessive condition giving 
yellow and first described by Mendel (sec 6, p. 413). 

B already was mentioned above. It was first found by Tschermak 
(see 6, p. 360). 

L is a gene which together with A gives an indent seed coat. AAll- 
plants are smooth seeded. It was first found by Tschermak (see 6, 
p. 370) and named Z. 2 , but the Tedins and Wellensiek (5) pointed 
to the indentity of A and Li, and changed Lz into L. 

Two more genes will be mentioned. These are FI, described by 
the Tedins (3) and giving rise to grey spotting of the leaves, and P, 
basic gene for pod membrane, mentioned by Wellensiek (see 6, 
p. 420). 


3. EXPERIMENTAL RESULTS 

j.jr. The crosses Crimson rose x Geelkelk and reciprocal 

In terms of gametes these crosses are fl crbGpPl x FI Cr B gppL 
and reciprocal. They were registered as crosses 4157 and 4158 and the 
F 2 's were studied in 1943. No appreciable difference occurred between 
the two crosses and the results were added. 

The F 2 data for genes Cr and Gp are as follows : 

411 : 202 : 189 : 3 

(457) : (156) : (143) : (49) c - 6.7. 

The crossing-over value can be estimated as 12.7%. 

The F 2 data for genes B and L are the following : 

565 : 38 : 40 : 162 

(453) ; (150) : (152) : (50) c 16.3. 

The crossing-over value can be estimated as 10.6%. 

Genes Fl and P have been put into one linkage-group with two more 
genes by Lamprecht (2, p. 21), but details about the relation Fl — P 
have not been published. Dr Lamprecht kindly wrote me and allowed 
me to publish that he found Fl and P to be linked with a crossing- 
over of 34.8%. My results confirm linkage, the F 2 data being: 
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425 \ \n \ Ml \ 26 

(450) : (152) : (152) : (151) c 3.7. 

The crossing-over value was estimated as 35.9% which is almost 
identical with Lamprecht's value. 

Since all other relations were clearly found to be independent, 
the total results are: [Cr — Gfi] — [i? — L\ — [FI - - P]. 

J.2. Additional evidence of the linkage Cr — Gp. 

In the F 2 of the cross between Crimson rose and Reduced yellow, 
registered as cross 4610, the F 2 in 1948 gave the following segregation 
for Cr and Gp\ 

353 : 200 : 186 : 2 

(402) : (151) : (137) : (51) c =• 7.4. 

Six F 3 lines segregated for Cr and Gp with the following figures: 


seedling number 49/221 

64 

22 

21 

I 

„ „ 49/222 

21 

8 

8 

0 

49/224 

17 

5 

7 

0 

„ „ 49/226 

16 

5 

5 

0 

„ „ 49/227 

14 

4 

3 

0 

„ „ 49/228 

26 

14 

12 

0 

Total. 

158 

(169) 

58 

(47) 

56 

(45) 

1 

(12) c = 2.8. 


All relations are in the same linkage phase as the F 2 which could 
be expected in a case of linkage with not so high a crossing-over 
value. For the total of the F 2 and F 3 this value averages 9.7%. 

Adding all data for crosses 4157, 4158 and 4610, the relation fi¬ 
gures are 922 : 460 : 431 : 6 which leave no doubt about the existing 
of linkage. 


3.3. Additional evidence of the linkage B — L, 

Four crosses, two from 1944 and two from 1946, were of the type 
BL X hL These crosses are: 

Crosses 4447 and 4448: Ungarn x Rose umbellatum and reciprocal. 
Crosses 4451 and 4452: Reran X Rose umbellatum and reciprocal. 
Cross 4604: Crimson rose X Slierpeul. 

Cross 4607 : Crimson rose x Reran. 
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The F 2 figures for B and L are; 


4447/48 . . . . 

. . 166 

19 

13 

33 

4451/52 . . . . 

. . 122 

29 

13 

25 

4604 . 

115 

31 

33 

35 

4607 . 

. . 139 

23 

22 

39 

Total . . . . 

. . 542 

102 

81 

132 


(469) 

(175) 

(154) 

(59) c = 10.4. 


The totals for the individual F 2 ’s are small and hence they have 
been added. The estimated crossing-over value averages 23.5%, but 
this value of course is rough. 

If, for the sake of demonstration, we add the above figures with 
those of crosses 4157 and 4158, we get: 1107 : 140 : 121 : 294 and 
these clearly point to linkage. 


4. DISCUSSION 

In the history of linkages in Pisum the occurrence of three linkages 
in one cross involving six genes is rather remarkable. For the in¬ 
vestigator it is quite fortunate. 

The estimation of percentages of crossing-over from F 2 -data re¬ 
mains fairly rough, even with large numbers of plants as in my ma¬ 
terial. It seems that the crossing-over for Cr — Gp with extreme 
values of 9.7% and 12.7% is less variable than for B — L with 
extremes of 10.6% and 23.5%, but the data at hand are too meager 
for a definite conclusion. 

The linkage Cr — Gp gives no reason for further consideration, but 
B — L does. In my monograph (6, p. 372) I have referred to Kaja- 
Nus's and Tedin's conception that B and L would be identical and I 
have objected against this by pointing to the existence of pink flower¬ 
ing varieties with indent seeds. Three years later the Tedins (4, p. 17) 
confirmed this statement, but "... .can offer no suggestion to explain 
the fact that still remains, viz. that in existing pure lines as well as in 
segregations the red flower color in by far the largest number of cases 
is associated with a non-indent seed". What the Tedins call red is in¬ 
dicated by me as pink. Evidently this httle problem is very satis¬ 
factorily explained by the linkage B — L. 

Genes Cr and Gp would belong to chromosome V, while B and L 
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would be located in chromosome III according to the classification 
of Lamprecht (2, p. 21). I have no experimental evidence at hand 
to discuss the relations between Cr and L which never before were 
found in linkages, and the other genes in the corresponding chro¬ 
mosomes. 

5. SUMMARY 

1 . In a cross involving six genes, the hitherto unknown linkages 
Cr — Gp and B — L were found, while the known linkage FI — P was 
confirmed. The new linkages were confirmed in other crosses. The 
crossing-over for Cr — Gp was estimated as 9.7-12.7%, for B — L 
as 10.6-23.5%. 

2 . The linkage B — L explains the association between pink flower¬ 
ing and smooth seed which had erroneously led to the hypothesis of 
identity of B and L. 
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In the last publications of my studies (cf. Karasawa 1942, 1943), I 
observed the somatic chromosomes of about 44 species and the meiotic 
chromosomes of about 29 species. During the war, I have somewhat 
extended my work, the results of which are described here, although a 
few of them have been made in post-war. Some of the materials were 
kindly sent by Dr. Albert Levan, to whom I wish to express my 
cordial thanks. My thanks are also due to the Japanese Academy, from 
which a part of the expenses was granted. 

OBSERVATIONS 
1 . Crocus ancyrensis 

The Angora Crocus, Crocus ancyrensis, was found to have ten 
somatic chromoeomes (Fig. 1). At the first metaphase of the meiosis, 
five bivalents were observed, two of wich were somewhat larger than 
the other bivalents (Fig. 2). 


1 

Figs. 1-2. Crocus ancyrensis 

1 . Somatic chromosomes (2n = 10). x 1500. 2. Five bivalents 
at the first metaphase x 600. 
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2 . Crocus hanaticus 

Owing to the scarcity of the material, a good meiotic metaphase was 
not observed. Judging from the somatic complement (Karasawa 1943), 
the conjugations of the meiotic chromosomes may be probably four 
bivalents and one univalent. In anaphase, the chromosomes were 




Figs. 3-6, Crocus hanaticus 

3 -4. First division. 5. Chromosome bridge. 6. Second division. X 600. 


mostly distributed as 4 to 5 (Figs. 3, 4), chromosome bridge being 
sometimes observed (Fig. 5). The second division took place mostly as 
seen in Fig. 6. The mature jwllen grains were greatly deformed due to 
the abnormal chromosome behaviour. 

3. Crocus corsicus 

Eleven bivalents were observed at the first metaphase of the meiosis 
(Fig. 7). 



Fig. 7. Crocus corsicus. (» = 11). x600. 

4. Crocus dalmaticus 

At the f^st metaphase, eleven bivalents were observed, one of which 
was either ring-formed or loose-binding bivalent, as seen in Fig. 8. 
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Fig. 8. Crocus dalmatifus. (n = 11). x600. 


5. Crocus Heufellianus 

The species, Heufellianus was very weak in its habit. So that, after 
six year's patience, I searched a good meiotic stage. As reported al¬ 
ready (Karasawa 1943), since the herb contains fourteen somatic 
chromosomes, seven bivalents were usually observed in diakinesis as 



Figs. 9~ 13. Crocus Heufellianus. 

9-10. Diakinesis. 11. Seven bivalents at the first metaphase. 12. Normal first 
division. 13, Non-disjunction, x 600. , 

well as in metaphase (Figs. 9, 10 and 11). The meiosis ran mostly 
regular course (Fig. 12), some of the P.M.C. behaving abnormally (Fig. 
13). The pollen were mostly uniform in size and shape, a few of them 
being deformed. 

6 . Crocus hyemalis 

As described already (Karasawa 1940), my material that came from 
Tubergen was detected to have six somatic chromosomes and two frag- 
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ments. In its seedlings, I found two new strains, namely 2n = 6 and 
2n —12 + 8/ {Figs.l4,lS). Propach (1939) also reported a six chromo¬ 
somal strain. 



Figs. 14-15. Crocus hyemalis. 

14. 2n « 6. 15. 2n = 12 -f 8/. x 1500. 


7. Crocus nivius 

Thirteen bivalents were observed at the first metaphase of the meio- 
sis (Fig. 16). 



Fig. 16. Crocus nivius, {n = 13). x600. 

8 . Crocus susianus minor 

A garden variety **minor** of C. susianus that came from Tubergen 
was found to have twelve somatic chromosomes (Fig. 17), the same 
number having been reported by Pathak (1940) and Propach (1939). 

17 

P'ig. 17. Crocus susianus minor, (2n » 12). X 1500. 
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SUMMARY 

1 . Eight Crocus species were studied cytologically, two of which 
especially referred to the behaviour of the meiotic chromosomes. 

2 . The somatic chromosome numbers were detected to be 10 in C. 
ancyrensis, 6 and 12 4- 8/ in two strains of C. hyemalis, and 12 in 
C. susianus minor, respectively. 

3. The meiotic chromosome numbers were found to be 5 in C. ancy- 
rensis, probably 4 bivalents and 1 univalent in C. banaticus, 7 in C. 
Heufcllianus, 11 in each of C. corsicus, C. dalmaticus and 13 in C. 
nivins, respectively. 
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In 1937 an agreement was made between the Genetical Institute 
of the Government University at Groningen and the Botanic Garden 
at Buitenzorg (Java) to co-operate in the production of potato varie- 
tics suitable for cultivation in the Malayan Archipelago. Climatic 
conditions there hampered the techniques of seed growing, by which 
the breeding of new varieties was out of the question. It was re¬ 
solved that crosses should be made in the ex])erimental garden at 
Groningen, where also a preliminary selection of the offspring was 
carried out; promising tubers were sent to Buitenzorg for trial under 
tropical and mountainous conditions. Air transport of tubers and 
pollen facilitated at that time a close co-operation between the two 
in.stitutions. In Groningen Mi.ss C. Kapf.N(;a, now decea.sed, was 
charged with this practical work, while in Buitenzorg Dr H. J. 
Toxopeus attended to the organization oi field trials. The work was 
not limited to potato varieties cultivated in \\estern Europe and the 
U.S.A. but also wild South American .species were involved. It soon 
appeared that this practical work met with a number of ])rol)lems, 
which could be solvedonl}’by scientific research, and so in 1947 c\'to- 
genetic studies on Solanum tuberosum and some of its relatives lia\'e 
been started; tJie first results are being reported in this paper. >). I am 
very grateful for the liberal way in which the late Miss Kapenga 
placed her material at my di.sposal, and mo.st especially to Dr Toxo- 
PEiTs, who after his return to the Netherlands, so kindly cooperated 
in providing materials and giving valuable advice. 

% 

TAXCJNOMICAL REVIEW 

The genus Solanum, to which all cultivated potato varieties belong* 
is a very large one. The Index Kewensis mentions more than 2000 
.species. About 200 species bear tubers and the.se are all classed in the 


») Part of tht* co.st of iilustration.s has been defrayed by a grant from the Ldh- 
nisfund, for which J am very grateful to its directors. My thanks are also due to 
Mrs. C. M. Power (Bayfordbiiry, Hertford) who kindly corrected my english, 
to Miss M. C. Huvze for her careful typing, to Miss A. Zeven for her able assis¬ 
tance in preparing the slides, to Mr E. Alkema for his nice photographs, and to 
Mr K Ezinga and Mr M. M\rtens, who had the care of the cultures in the 
experiment garden. 
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Section Tuherarium, characterised by simple anthers, the absence of 
thorns and spines and the articulation of the pedicel. 

The Section Tuberarium again is divided into two subsections, 
Basarthfum and Hvper-Basarthrum (Bitter, 1911-1913). In the 
subsection Basarthrum the peduncle is articulated at the base, while 
the plants do not form tubers; in the subsection Hyper-Basarthrum 
the articulation of the pedicel is somewhat above the base. All tuber 
bearing species belong to this subsection Hyper-Basarthrum, which 
according tu tlie table of identification as published by Hawkes 
(1944) contains llic following groups: 

I. Juglandifolia. Stem woody, plant shrublike, climbing with 
yellow or white flowers. No tubers. Hair covering fairly den.se and 
silky. 

II. r onicihaccata. Berries conical, at the top more or less acumi¬ 
nate, as contrasted with the ne.xt group, that has globular berries. 
No tubers. 

HI. Etuhcrosci. Berries s])herical, no tubers, no stolons. Articulation 
of the p)edicel near the base. 

The remaining groups all have stolons and tubers. They are clas¬ 
sified according to the form of the corolla, which is stellate or rotate. 
I'here are four groups with stellate corolla: 

IV. Btdbocastana. With very small flowers and undivided leaves. 

V. (ardiophylla. Flowers fairly small, cream coloured corolla. 
Leaves dark green and shiny; 2 or 3 pairs of leaflets. The plants of 
this group are immune against Phytophthora infeslans. 

VI. Pinnatisecta. With large white flowers. Leaflets fairly narrow. 
Leaves more pinnatisect than pinnate. 

VII. Commersoniana. Flowers large and white. Leaflets broader. 
Leaves distinctly pinnate. 

Groups IV-VI are confined to the North-American continent. 
Group VII is South-American. Relationships feeble as judged from 
the results of hybridisation experiments. 

The follcwing groups (VIII-XIII) have rotate corollas. Two of 
them (VIII-IX) have corollas with very small apices, which are 
insignificant as to the well-developed lobes. Plants are rosettes or 
semi-rosettes. The groups are di.stinguished by the articulation of 
the pedicels, which in both groups is near the cajyx: 

VIII. Acaulia. Articulation entirely or almost rudimentary. 
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IX. Demissa. Articulation prominent. 

The last groups: 

X. Longipedicellaia. Long pedicels, corolla almost orbicular, with 
clearly distinct triangular lobes. 

XL Cuneoalata. Small plants with pinnate leaves, mid-veins 
having characteristic wedgeshaped wings. 

XII. Polyadenia (only 5. polyadenium). Characterized by dense 
smooth haircovering; an unpleasant smell; very little related to any 
other group. Berries cordate with two black stripes at the sides and 
many smaller spots. 

XIII. Tuberosa. Comprises all cultivated forms together with 
their wild relatives. This group is .subdivided into: 

A. Aracciana. Diploid (2n = 24) wild sjxicies occurring in the 
South-American Andes. 

B. Andigena. To this group belong a.o. the cultivated 5. andige- 
num, further S. rybinii, S. phureja, 5. goniocalyx, S. stenotomum, S. 
kcsselbrenneri. 

C. Trigonohypsa, 5. juzepezukii and S. curiilobum, both probably 
originated from species crossings. 

D. Eutuberosa, S. tuberosum and its supposedly near related wild 
species S, maglia, S. medians a.o. 


REVIEW OF LITERATURE 


In his publication ,,Karyologische Untersuchungen an einigen 
wilden und einhcimischen kultivierten Kartoffeln Amerikas” Rybin 
(1930) gives a fairly cc^mplete review of the karyological literature on 
this material before 1930, which >ve briefly summarize here: 

The first data on the number of chromosomes in the potato have 
been published by Nemec (1899). He studied the nuclear division in 
the meristems of .stems and roots, as also in woundperiderm of the 
tubers. He does not mention which variety has been used. The first 
aim of his research was a study of the phenomena of the nuclear 
divisions, but not so much the number of chromosomes, which he 
mentions only incidentally. In the meristems of stems and roots 
Nemec counted th^" number of 36 chromosomes, but he admitted the 
possibility that this number is too small; the chromosomes are short, 
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curved and barshaped. In the cells of the woundperiderm he counted 
more than 70, but here he points out that these divisions are abnormal 
hyperchromatic. 

/ A few years later Mano (1905) investigated the relations between 
nucleolus and chromosomes during cell divisions in rootmeristem of 
Phaseolus and Solanum tuberosum. He described rather extensively 
the telophase of the dividing cells in the potato; he stated that the 
number of chromosomes is large and he mentions in a note at the foot 
of the page, this number as probably 34. which should appear from 
liis illustration XVII, in which a metaphase in polar view is figured. 
Very properly Rybin observed that the chromosome number in this 
figure is not 34, but considerably greater. He also describes the chro¬ 
mosomes as short bars, but in his figure rather long thread-like 
structures may be seen, which doubtless represent junctions of more 
chromosomes. The equatorial plate strikes as the re.sult of a poor 
fixation, which is also shown b\’ the irregular form of the chromoso¬ 
mes. Many of them are shrivelled or stuck together, because of which 
this plate certainly not is a reliable guide for counting chromosomes. 
y Young (1923) investigated the function and degeneration of 
pollen and ovules in the potato; incidentally he also mentions the 
number of chromosomes in somatic ti.ssues. He met with many diffi¬ 
culties in counting, because the chromo.somcs are small and inter¬ 
woven. Young supposed 14-16 as the most probable somatic number. 
No illu.strations are being given; neither is there any mention of the 
names of the varieties studied. 

/ In 1924 Nikolajeva published a study of the karyology of Nico- 
tiana, in which she, incidentally mentions the number (;f 48 chromo¬ 
somes for the cells of the rootmeristem in S. tuberosum, which corre¬ 
sponds to the haploid number of 24, as given bv Kihaka in the same 
year (cited after Fukuda, 1927). 

^ K. O. Muller in 1925 writes about the breeding problems of the 
potato and gives a few data on the somatic chromosome number, for 
which he counted 36. However he does not mention the names of the 
varieties studied. The same number was published by Lutman (1925) 
in his article on senescence and rejuvenescense of cells in the potato; 
his numbers vary between 36 and 45, but 36 was found to be the most 
frequent one. 

Very important results came in January 1927, as published by 
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Smith, in which this author studies the pollen mothercells of four 
wiid species and stated the occurrence of a polyploid series. For 5. 
jamesii he found 2n = 24. for S, chacoense also 2n = 24, for S. 
jendleri 2n = 48 and for 5. demissum 2n — 72. Besides he inves¬ 
tigated five varieties of cultivated potatoes, also by their pollen mo¬ 
thercells. In the varieties McIntyre and McCormick he was able to 
count with certainty the haploid number of 24 (2n — 48) and the 
same number seemed probable for two other varieties (Russet Rural 
and Early Ohio). In Early Ohio Ik* found a few cases of 48 chromo¬ 
somes in homoeotypic divisions, by which he concludes it is inciden¬ 
tal tetraploidy, which is also a.ssumed for the varieties Russet Rural 
and Early Rose. This conclusion, in his own words “a tentative con¬ 
clusion*’, is founded on countings in the PMC reduction divisions; 
his drawings and a few micro-photographs are fairly clear. It is to be 
regretted that he does not publish a morphological description of these 
supposed tetraploid plants, nor does he mention morphological dif¬ 
ferences between diploids and the corresponding tetraploids. This is 
more striking because in his introduction he points out that in view 
of data from literature on polyploid forms of Datura and of Oenothera, 
in polyploid plants of Solanum tuberosum also larger dimensions, 
larger yield and other characters of practical value ma>' be expected. 

Finally he draws attention to the fact that the varieties McIntyre 
and McCormick, for which lie found 2n — 48 and 24 gemini, according 
to the data published by Stout and Clakk (1924) have a large per¬ 
centage of fertile pollen. Since Stout and Clark have shown that the 
percentage of sterile pollen is a characteristic for each variety. Smith 
assumes that varieties with a large percentage of sterile pollen do not 
have 48, but 36 chromosomes, which leads to the occurrence of 12 
bivalents and 12 univalents in the reductional division and for that 
reason to much pollen sterility. Smith thinks this much more pro¬ 
bable because Lutman (1925), as mentioned above, gave 36 chromo¬ 
somes as the somatic number for each of the four varieties he studied 
(Irish Cobbler, Green Mountain, Lookout Mountain and Early Rose). 
Smith himself, however, found in the normal variet}* (^f Early Rose 
haploid 24 chromosomes and in the tetraploid 48. 

To bring his results into line with those of Lutman, Smith supposed 
that in the reductional division of potato varieties with 2n 36, 24 
chromosomes may be counted, on the assumption that there are 12 
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bivalents and 12 univalents. However he does not mention the valence 
of the chromosomes he observed and so it remains doubtful if Smith 
in Early Rose has seen 48 chromosomes or 36 like Lutman did. In the 
theoretical part Smith characterizes the varieties with 36 chromoso¬ 
mes studied by Lutman as triploids; this terminology however appears 
to be not quite correct, because his own data lead to the conclusion 
that for the cultivated potatoes 24 should be considered the haploid 
number. 

In the same >’ear, 1927, Stow published his results of an investi¬ 
gation on the influence of tem|X3rature on the degree of pollen sterility 
in potatoes. He studied 16 varieties for their chromo.some numbers; 
all of those have sliown 24 as the haploid number. In a few of them 
the number was counted in somatic cells of the rootmeristem, where 
it appeared to be 48. These data are in full agreement with those of 
Fuki da in the same year. Six of Stow's varieties had not been in- 
\estigat(‘(l by Fukuda. He finds a regular reductional division in the 
potato onl>' at a temperature of about 20 degrees C. Under this con- 
<lilion the number of bivalent chromosomes is constant, viz. 24. At 
liiglier temperatures (25-30 degrees (') the numlx?r of chromosomal 
units increases, sometimes to the somatic number of 48 or even more. 
Stow explains this phenomenon partly by the absence of conjugation, 
p«irtl\’ bv the assumption of a very early splitting of the chromosomes 
already at the metaphase of the heterotypic division. These irregu¬ 
larities caused b^^ liigh temjxTature lead to pollen sterility. Even at 
constant o]>timal temiHTatures Stow has observed striking irregu¬ 
larities in the reductional division. In his description of the PM(' 
meiosis in these varieties he points out that the pictures to a high 
degree remind us of the karyological phenomena observed in hybrids 
between plants with different chromosome numbers. 

In this resjiect the varieties studied by Stow could be distinguished 
as belonging to two groups: 1) varieties of German origin immune 
against mosaic diseases had a more regular reductional division than 2) 
those cultivated in Hokkaido, not resistant against mosaic diseases 
and mostly fairly irregular in these divisions. 

Increase of temperature entails irregularities in the reductional 
division, thus causing sterility; on the other hand decrease of temper¬ 
ature to 8-12 degrees C. produces other phenomena. The reductional 
division is normal insofar that fertile pollengrains are produced, but 
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in mctaphase of the heterotypic division the chromosomes join to 
groups, each of these containing more than two chromosomes. The 
number of these complexes was not constant but numbers less than 12 
of such groups were not observed. Stow^ does not propose the obvious 
explanation that here the formation of polyvalent chromosomes is at 
work, an explanation which should point to the polyploid nature of 
the cultivated potato. He assumes the conjugation of non-homologous 
chromosomes because this seems to him more probable, analogous 
phenomena having been observed in the PMC's of Tradescantia 
virginianay which during the reductional division were exposed to 
temperatures of 8.5—10 degrees C. 

In the same year (1927) Fukuda published his article, mentioned 
above. He studied the reductional division in more than 50 (mostly 
British and American, but also Japane.se) varieties of Solanum 
tuberosum. The .somatic number in the rootmeristem of 29 varieties 
was found to be 48, which was confirmed by countings of the chromo¬ 
some numbers in PMC-divi.sions. This number of 48 corresponds with 
the basic number of 12 of other Solanaceous species; therefore it 
seems to him probable that all varieties of cultivated potatoes have 
48 as their diploid number. 

He observed frequent irregularities in meio.sis, di.stinguished as five 
different types according to the .stage in which the irregularities 
became perceptible: 

1) pollen with a normal shaj:>e, but germinating for 10 percent only; 

2 ) poUen morphologically degenerated. Tetrads seem to be normal, 
from which a regular reduction division may be concluded but at 
some further stage the jx:)llcn development is cut off; 

3) pollen degenerates because of an irregular reductional division. 
Chromosomes lagging behind in the nuclear pla.sm, thus ^forming 
micronuclci. Tri- and tetrapolar divisions occur. After the second 
division many large and .small nuclei can be observed. About 50% 
of the tetrads are normal. 

4) formation of degenerated pollengrains after incomplete meiosis: 
a) there is a .second divi.sion 

a) joiningoftwogroupsofehromosomesinthehomoeotypiedivision 
after interkine.sis; by this formation of dyads; also triads and tetrads; 

p) the longitudinal cleavage of chromosomes occurs too early. In 
the heterotypic division a reductional division and splitting of the 
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chromosomes are simultaneous, by which dyads are being formed; 
pollen degenerates. 

6 ) no second division 

a) formation of dyads after a normal heterotypic division. These 
dj^ads degenerate. In a few cases Fukuda observed a mit(^sis in each 
of these daughtercells, by which two small nuclei came into being, 
but he does not consider these generative and vegetative nuclei. 

P) formation of polyads after abnormal heterotypic division, 
y) after heterotypic division there follows formation of a giant¬ 
cell without further cell division. 

S) formation of giant cells with amoeboid nuclei; apparent ami- 
tosis. No cell wall being formed. The wall of the pollen mothercell 
remains and a giant cell arises. 

e) giant cell formation without complete heterotypic division. No 
spindle figure. Sometimes the mitotic figure takes on the form of a 
bridge and by this pearshaped giant cells come into e-\istence. 

5) Giant cells arise by absence of the archegonial cell division. No 
ccllwall is formed and polvniiclear cells come into being. 

Ue ViLMORiN and Simonet (1927) have studied a number of 
Solanaceous plants a.o. Solatium caldusii (n = 12), an unnamed 
variety of Solanum tuberosum (n == 24) and .S. demissum (n ~ 36). 
In a second publication they give the chromosome numbers of two 
varieties of S. tuberosum, var. Bishop (n — 48) and var. Early Rose 
(n r- 24 and n— 48). They point out that this is in agreement with 
the data furnished by Smith. The occurrence of both numl:)ers n -- 24 
and n — 48 in Early Rose is e.xplained by the assumption that 
there has been only one reductional division, the pollen mothercclls 
thus producing two pollengrains, each of them with the somatic 
chromosome number (dyads). This assumption seems to me not suf¬ 
ficiently justified. We shall discu.ss later on that the two equatorial plates 
after the homoeot\y)ic division frequently join again, by which one 
equatorial plate with the doubled chromosome number is formed. 
This gives the impression of a Metaphase I — plate, but tlie chro¬ 
mosomes are not bivalents, but univalents (cf. figure 38, p. 1526 in 
De Vtlmorin and Simonet's paper). 

Levitsky and Benetzkaja (1927) found in somatic nuclei of 
three varieties of potatoes (Tannenzapfen, Woltmann and Pirozhok) 
obvious differences in shape and number of the chromosomes. In 
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Tannenzapfen (n — 24) for instance in late prophase most chromo¬ 
somes are elliptical, five however in the shape of a dumb-bell; in 
metaphase tliese have changed into elliptical form. Some are pointed 
at the ends; these pointed ends of two chromosomes are frequenth' 
turned on each other, sometimes even being linked together. 

A larger number than 48 is now and then found; it is assumed 
that verj* small chromo.somes have split off as fragments of larger 
chromosomes. They believe this “karyotypical variation” to be of 
the same nature as that observed by Winkler in Solatium lycoper- 
sicum, later also by Hanck in Oenothera sciniillans and by Heitz in 
Drosera pygmaea. Darlington and Levan (1931 and 1932) however 
have shown that this assumption is not justified. This karyotypical 
variation is essentially different from the phenomenon that defi¬ 
nite chromosomes in all cells are submitted to fragmentation, 
which may be considered an inherited quality*, like in maize (Kuvvada) 
and in rye (Goton). Something like that has been found b}^ Navashin 
in Creph iectorum, where a small pari of one (^f the chromosomes is 
split off while its behaviour is that of an independent small chromo¬ 
some. As distinct from this inherited quality the phenomenon ob¬ 
served in Solatium, Oenothera and Drosera may be regarded as intra¬ 
individual fluctuations. According to Levitsky and Benetzkaja 
the chromosomes in the potato are rather unstable colloidal corpus¬ 
cles, which under the influence of intracellular reactions fall to smaller 
pieces oi a spheroidal form. It is therefore difficult to count the 
number of chromosomes in the rootmeristem. Nevertheless they 
conclude: ”dass die wahre Anzahl der somatischen Chromosomeii in 
Uebereinstimmung mit den sehr deutlichen Bildern die von uns zu 
Anfang und am Schluss angefiihrt sind, wie auch mit den obenange- 
fiihrten Angaben der japanischen Zytologen augenscheinlich wirklich 
48 ist” (cited from the translation from the Russian original by 
Rybin, p. 322). They give a few casual remarks on the reductional 
division, which seems to be very irregular. In diakinesis they find a 
varying number of bivalents and univalents, and an irregular distri¬ 
bution of the chromosomes in anaphase. They do not give an>' data 
on the homoeotypic division, neither on the pollen. 

In 1929 Tischler published a .review of the chromosome numbers 
thus far found in the potato and he tries to bring Young’s data into 
line with those of other authors. He assumes that the cultivated 
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potato with its 48 chromosomes really is a tetraploid; the numbers 
given by Young (somatical 14-16) should be considered an error of 
observation, while as a matter of fact he studied a “diploid*' potato 
with 2n = 24. The existence of such a diploid potato might explain 
the triploid number of 2n = 36, as mentioned by Muller and Lutman 
and possibly also Mano’s number of 34. Rybin indeed (1930), among 
South-American cultivated varieties has found diploid and triploid 
types. But one should not forget that these diploid cultivated potatoes 
as native varieties are bound to definite geographical regions (Peru, 
Bolivia, a few also in ('olumbia). Bukasov (1928) describes these 
varieties as morphologically confined types; all those native varieties 
in South and Central America are clearly distinct from the culti¬ 
vated varieties in other parts of the world. It seems tf) me therefore 
extremely doubtful that diploids with 2n — 24 could be found among 
the cultivated varieties in Europe and the United States. 

In 1928 Jorgensen published a study on polyploidy in the genus 
Solauum, in which he mentions the number for Solanum tuheromm 
(n -- 24) and for demissunt (n ~ 36). 

In Salaman’s Potato varieties (1926) Miss Campin gives as the 
result from her karyological studies on four British varieties of S. 
tuberosum the haploid number of 24. One year later Salaman (1927) 
published an article on the cross 5. utile (~ S. demissum) x S. tube¬ 
rosum; the karyological part by Miss Adams gives again 24 as the 
haploid number of the variety of 5. tuberosum used in this hybridi¬ 
zation, but she mentions a few irregularities in meiosis. 

Finally from the table of earlier data as given by Rybin, it appears 
that most authors have stated the diploid number of the cultivated 
potato to be 2n — 48. Exceptions are found in the data by Nemec , 
Mano, MCller, Young and Lutman. But Nemec, Mano and Muller 
themselves pointed out that their data might not be fully reliable, 
whereas for Lutman 's numbers Rybin has studied again three of 
his varieties, in which now 2n == 48 was stated. Rybin very properly 
observed that the pictures given by Lutman do not speak for the 
reliability of his countings. The cause of this is the poor character 
of his fixations; Lutman himself says (p. 15): “Only about a half of 
the masses of chromatin material can be definitely indicated as 
single”. And somewhat later: “It may be said further in this connec¬ 
tion that even the clearest of plates shows at some point a complex 
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that it is almost impossible to decide the number in this group." It 
seems evident that such equatorial plates do not admit exact coun¬ 
tings. Moreover Lutman gives two pictures of one and the same 
equatorial plate, which is described by him as ‘'an excellent meta¬ 
phase plate”. In one figure he considers all chromosomes separately 
while he counts them as 37; in the other figure he interprets the long 
chromosomes which thin out in their middle as composed of two 
separate chromosomes, for which the number is given as 45. With 
regard to these figures he says: 'The extremes of interpretation are 
represented in figure 23 and 24. In the former the number is 37 
(or 36), while in the latter it is 45”. All this indicates that the varieties 
of potato studied by Lutman in fact have the somatic number of 48. 
The somatic number of 14 or 16 chromosomes as given by Young 
however remains unaccountable (cf. p. 202, the attempt at explaining 
by Tischler). 

Before 1930 there were only a very few data on wild species of 
potatoes, but in 1930 Rybin published an extensive monograph in 
which he mentioned the chromosome numbers for 26 wild species. 
For these he found the following numbers: 24, 36, 48, 60 and 72. 
Therefrom it appears that the species of the .Subgenus Hyperhasar- 
/Amw form a polyploid series of 2x, 3x, 4x, 5x and 6x; x (the 
basic number) being 12. In the Subsection Basarthrum Rybin studied 
one species only, Solanum muricatum. This occurrence of polyploidy 
could be derived also from a few earlier publications (Vilmorin et 
Simonet 1927; Jorgensen 1928). The reductional division in these 
.species is regular, with the exception of those with 36 chromosomes. 

Because of the variance on chromosome numbers in European 
cultivated potatoes, Rybin studied five different varieties from 
Western Europe (Fiirstenkrone, Epicure, Cobbler, Green M 9 untain 
and Early Rose); he always stated a somatic number of 48. Fiirsten- 
krone had been chosen as a representative of German potatoes, 
Epicure as one of the English varieties, while the other three were 
.studied because Lutman gave for these the number of 36. A Russian 
variety showed also the number of 48; its reductional division was 
normal, as shown by a microphotograph of Mji. The South American 
varieties with 2n = 48 could be found in all regions where materials 
had been collected; the habitats of those with 2n = 24 and 2n = 36 
are sharply defined. Varieties with 2n ~ 24 are frequently found in 
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Central and Southern Peru and in Bolivia; they are scarce in Colum¬ 
bia, Sp>ecies with 2n = 36 are concentrated in Southern Peru, but a 
few are found in Bolivia and Central Peru. 

Rybin\s publication is important because he stated that not only 
the wild tuberous species, but also South-American cultivated varie¬ 
ties show numbers which form a polyploid series. This fact is the more 
suggestive since Bukasov and Juzepczuk have shown that a number 
of wildgrowing species are much more related to the South American 
cultivated varieties than this can be said for those species, previously 
assumed as their ancestors (for instance S. maglia, S. commersonii, 
S. demissum). These wild weedlike species have the same chromosome 
numbers as the cultivated potatoes from the same region. Those 
species however which previously were considered to be nearly 
related forms, agree neither in geographical range, nor in number of 
chromosomes (5. medians and S. commersonii). Rybin’s cytological 
results together with the geographical studies by Bukasov and 
Juzepczuk favour the conclusion that the cultivated potato is of a 
polyphyletic origin. 

Up to 1930 cytological studies on the potato and its relatives 
stressed countings of the numbers of chromosomes (with the excep¬ 
tion of Stow's study on the influence of temperature), but after 
Rybin’s survey of 1930 the accent was transferred to the problem 
of sterility in the cultivated potato, more attention being given to the 
course of the rcductional division. 

In a preliminary study Clark (1926) has distinguished four types 
of sterility in the potato: 1) no setting of fruits because buds and 
flowers drop at an early stage {S. tuberosum) \ 2) degeneration of 
pollen (5. tuberosum and also 5. commersonii)] 3) hybrid sterility 
affecting both male and female organs; 4) physiological incompati¬ 
bility, causing a complete self-sterility and mostly a cross-sterility, a 
few combinations of crosses excepted (S. caldasii and 5. chacoense), 

A publication by Hans Heyn (1930) was the first studying cytolo¬ 
gical sterility phenomena; it centred on two questions: 1). To what 
extent are morphological differences between the various potato 
varieties established in differences in the chromosome set? and 2). 
Is it possible to explain pollen sterility by abnormalities in the course 
of the reductional division? 

Heyn studied 54 different potato varieties of German origin; all 
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of them having the diploid number of 48. Chromosome shapes and 
chromosome sizes in these varieties are identical. Besides a complete 
degeneration of PMC’s by which no pollen was formed, he observed 
a number of disturbances in the reductional divisions among which 
the appearance of dj^ads and sometimes triads is the most striking 
one. These dyads arise in two ways: 1). The Mu plates in a normal 
reduction division are perpendicular to each other, but the angle 
may be greater than 90^ and in extreme cases the plates arc lying in 
the same plane. In this situation the Mn plates do not separate but 
form a whole thus imitating one Mj plate. The univalents split length¬ 
wise and two daughternuclei (dyads) are formed, each with the 
diploid chromosome number. It is also possible that the angle between 
the two Mj] plates is obtu.se, the daughter plates at the inside of the 
angle keeping together and producing one diploid daughtercell, while 
both plates at tlie out.side of the angle each form a haploid nucleus. 
In this way triads may arise. 2). The homoeotypic division passes 
off regularly until the moment of the chromosome disjunction; this 
process failing two diploid daughtercells come into being as d\'ads. 

Notwithstanding this formation of diploid pollencells crosses have 
never produced polyploid offspring. On the other hand a correlation 
was found between the formation of dyads and bad pollen production. 
The larger the number of dyads, the less the percentage of fertile 
pollen. Formation of dyads seems to lead to the production of bad 
pollen. Changes of temperature between 13° and 24° C do not influence 
the reduction division. The occurrence of dyads has also been ob- 
.served by Young and Fukuda who explained them by the assumption 
that the homoeotypic division does not happen. The statement by 
Smith that tetraploidy should occur is explained by Heyn in the 
same way (cf his illustration p. 88, pi. I, fig. 8, in which besides nor¬ 
mal Mn plates in angular situation, also cells with large metaphases 
in sideview and in polar view are present). De Vilmorin likewise 
has mentioned such plates (cf pi. XV, fig. 38, p. 1526). 

This study by Heyn is criticized by Bleier (1931) who examined 
48 different potato varieties from Dutch origin. He observed the 
same irregularities like those described by Heyn, Stow and Fukuda. 
He classifies the disturbances into three groups: 1) degeneration of 
PMC’s, 2) formation,of dyads and 3) in the reduction division a few 
chromosomes stay behind in the nuclear plasm. Degeneration however 
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is considered by Bleier a general phenomenon; it may occur before, 
during (from prophase until the formation of tetrads) and after the 
reduction division. Dyads are observed in all varieties examined. The 
third process (staying behind of single chn)mosomc.s) is scarce and 
causes the formation of micronuclei. 

Bleier does not agree with Heyn’s opinion that the formation of 
dyads should be the cause of pollen sterility. The real cause is more 
profound; the production of dyads being only one of its possible 
expressions. No direct connection could be stated between temper¬ 
ature and disturbances in the reduction division (as Stow’ had 
observed). Degeneration and production of dyads, dropping oi buds, 
flowers and berries, the.se all are expressions of the same cause. Selec¬ 
tion of buds for fixation should give pnuninence to an increase of 
d^ad formation because those buds only are used for fixation which 
have a normal appearance, while yellowing buds are omitted. The 
cause of sterilit>’ should be found, according to Bleier, in a physio¬ 
logical process, a change in metabolism. He assumes that in plants 
substances are being found which in small quantities interfere with 
the reduction division. In larger quantities however these substances 
caiLsc a degeneration of PMC’s and pollengrains and end up in dropping 
the generative organs. 

Loxgley and Clark (1930) have studied w^ild and cultivated 
potatoes for which they found, like Smith, RyBiK.a.o. the chromosome 
numbers of 24, 36. 48 and 72. Varieties with 24, 48, and 72 chromo¬ 
somes show'ed normal reduction divisions and good jxillen production. 
In triploid species however (2n ~ 36, S. cardiophyllum and S. com- 
mersonii) the reduction division is irregular. A few Mn plates show 
the regular number of 18 chromosomes. The number of paired chro- 
mo.somes (bivalents) in Mi varied between 12 and 18 with a correspond¬ 
ing number of univalents. Pollen in these species is bad, they never 
produce any seeds. A cross between 5. caldasii (2n == 24) and 5. 
chacoense (2n = 24) shows a regular chromosome pairing. In the Fj 
of 5. fendleri (2n = 48) and 5. chacoense (2n == 24) the reduction 
division is irregular. The bivalents separate in a normal way, but the 
distribution of univalents in the first division is at random, a few of 
them staying behind in the nuclear plasm. A few second metaphases 
have a normal appearance with 18 chromosomes in each plate. 

The species Solanum ajuscoense with 2n = 48 Shows regular beside 
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irregular reduction divisions. Rybin, who for S. ajuscoense counted 
the diploid number of 48, does not mention any irregular reduction 
division, though he published a microphotograph of pollen with 
numerous degenerated grains. Summarizing, the conclusion seems to 
be justified that (with the pos.sible exception of 5. ajuscoense) species 
with an orthoploid number (even multiple of the basic number) of 
chromosomes show a regular reduction division. 

The behaviour of tetraploid species in reduction division leads to 
the assumption that they may be hybrids in which two unequal sets 
of chromosomes have been united (cf. the reduction division of Fi 
plants of the cross S, fendleri x S. chacoense). 

Besides their researches on species, Longley and Clark also studied 
fourty cultivated varieties. With the exception of three yellow-fleshed 
varieties (the names of which are not mentioned) they found always 
the diploid number of 48. A regular reduction division however is very 
scarce; in most cases many irregularities have been observed, just 
like Stow and Fukuda stated. At first they tried to classify these 
irregularities into four classes, but in the next year their observations 
did not confirm this attempt, from which it was concluded that 
climatic conditions may have some influence. On the other hand a 
connection was stated between regular reduction division and the 
percentage of good pollen; a more irregular reduction division leads 
to a lessened number of pollentetrads, and by that to a decrease in 
pollen production. 

Heyn, Longley and Clark thus have confirmed the opinion of 
practical breeders that a few potato varieties only can be used as male 
parents in crosses; they showed that the cytological background for 
this, is to be found in an irregular reduction division. 

In 1932 Meurman and Rancken again studied the jreduction 
division in cultivated potatoes but they stressed more the behaviour 
of the chromosomes during this division. In all seventeen varieties 
they found the diploid number of 48. A classification of chromosomes 
according to shape and size appeared to be impossible because of the 
large number, the small sizes and the absence of characteristic differ¬ 
ences in shape. One pair of the chromosomes showed a satellite. This 
observation supports the assumption that the cultivated potato 
possesses four sets of chromosomes which are not identical. One of the 
parents is supposed to contain a pair of satellite chromosomes. The 
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cultivated potato, theref(jre. may be considered an allopolyploid. As 
to the reduction division they confirmed the statements by earlier 
authors that many irregularities occur. A few Mu plates with the 
normal number of 24 have been observed, but the number of bivalents 
in Mi is generally smaller than 24 and a number of univalents (excep¬ 
tionally more than 8~10) is added. In anaphase-I these univalents 
may stay behind while the\^ frequentl}' split lengthwise, but not 
iilways. Most of these univalents are found again in the interkinese 
nucleus. The majority of these interkinese nuclei has about the 
haploid chromosome number. 

Further it is stated that in Mj plates the chromosomes tend to join 
into groups which are interpreted as the result of a secondary associa¬ 
tion as described by Lawrence (1931). This phenomenon however 
may be considered also a primary association, if metaphases and 
(*arly anaphases are studied critically. In Mu plates such groups are 
also found. Just like earlier authors they observed among the Mu 
plate^ some plates with the diploid chromosome number which at 
lirst sight can be mistaken as Mi plates, but which are interpreted as 
th<' result of two fused Mu plates in a PMC. 

The tetraploid nature of the cultivated potato may lead to the 
( xpectation that groups in metaphase* plates never should contain 
more than four chromosomes; this however is no rule, because penta- 
ancl hexavalent groups are rather frequent. This result seems to be in 
keeping with Lawrence’s assumption (1931) that the basic number 
of chromosomes should be 6 instead of 12. But in this assumption 
octovalent groups may be expected which have never been found by 
Mkurman and Rancken. Therefore they do not agree to Lawrence’s 
hypothesis. It is worth noting that they also draw attention to the 
fact that J0RGENSEN and de Vilmorin et Simonet have never ob¬ 
served phenomena of secondary pairing in diploid species of Solatium, 
They do not think it possible to explain the occurrence of penta- and 
hexavalent groups by the polyploid nature of the chromosome set 
but they are looking for the cause in translocations between chromo¬ 
somes which originally have been homologous. 

Secondary association has been observed also by MOntzing (1932) 
who in Mi plates of diploid, triploid and tetraploid cultivated va¬ 
rieties from South-America found groups of respectively 2, 3 and 4 
bivalents. He also observed trivalents in triploid varieties. From this 
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phenomenon of secondary association which is found again in Mu he 
confirms Lawrence's hypothesis that the basic number in Solanum 
should be six. 

Muntzing’s opinion regarding secondary association has been 
disputed by Pkopach (1937). In a number of frequency curves this 
author has shown that the occurrence of groups in Mu plates in 5. 
chacoense (2n = 24), in 5. acaule x 5. chacoensc (2n = 36), in 5. 
ajuscoense (2n = 48) and in 5. demissum (2n — 72) is entirely the 
outcome of chance. The results obtained by Heilborn (1935) in 
secondary association in apple varieties when put together in a 
frequency curve, are profoundly different; here indeed a real secondar\^ 
association is proved. Because he considers phenomena of secondary^ 
association in Solanum as being artefacts, he does not accept the 
basic number of 6, but he upholds the conclusion that this number 
is 12. It is to be regretted that Propach did not publish any drawings 
or microphotographs without which it seems impossible to judge 
about the metaphase plates. 

Oppenheimer (1933) analyses a cross between S. chacoense (2n — 
24) and 5. tuberosum (ChilocS 2n — 48) which cross can be obtained 
only by using 5. chacoense as motherparent. Six Fi-plants have been 
obtained. One was studied cytologically and showed 36 chromosomes 
with an irregular reduction division; two other plants with about the 
same morphological habit (which he did not see himself, ''die ich 
nicht gesehen habe”, p. 79) also are supposed to be triploids with 
2n == 36. These three plants showed a strong dominance of tubero- 
sum-characters but were notably different from the remaining three 
Fi-plants, which proved to have 48 chromosomes. For the origin of 
these tetraploids (from a diploid mother and a tetraploid father) 
three assumptions may be made: 1). Seeds from other sources may 
have been mixed with the seeds sown; 2) The ovules of 5. chacoense 
may have been eliminated while the nucleus of 5. tuberosum under¬ 
went a doubling of chromosomes; 3) A non-reduced eggcell of 5. 
chacoense has been fertilized by pollen of 5. tuberosum. The first 
assumption seemed improbable because six Fi-individuals only were 
obtained: in the second case the plants should have shown more 
resemblance to S. tuberosum, which was not observed, while they 
more inclined to 5. chacoense. So the third possibility seemed to be 
the most probable. 
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The reduction division in these three 48-chromosome plants is 
partly regular, partly irregular; Oppenheimer obtained an F2- 
generation pf 2200 individuals, among which such a diversity of 
intermediate types was found, that a classification proved to be 
impossible. About 100 plants were studied cytologically; their chro¬ 
mosome numbers varied between 44 and 52 with a mean value of 48 
or 49. Backcrosses with 5. tuberosum gave plants with chromosome 
numbers between 46 and 50, with a maximum frequency of 48. 

A second publication by Kybin (1933) again studied the chromo¬ 
some numbers of a large number of wild and cultivated species from 
South-America; he adds drawings of the reduction division in a 
number of hybrids. A regular reduction division lias been observed 
in the following crosses, the parents all having 2n = 24 and belonging 
to the subgroup Andigena of the Tuherosa group: 5. goniocalyx x 
.S. stenotomum, S, goniocalyx x 5. ryhinii, 5. ryhinii x S. gonio¬ 
calyx, 5. ryhinii X 5. stenotomum, and 5. pkureja x 5. ryhinii. In 
the cross S, ajuscoense x S, antipoviezii (both having 2n 48 and 
belonging to the group Longipedicellata) meiosis also is quite regular. 
In S, andigenum x 5. tuberosum (both 2n 48 ) the meiosis is regular, 
but in the reciprocal Fi a few irregularities have been observed. 
Irregularities have also been found in the cross 5. acaule (group 
Acaulia, 2n 48) and the South American indigenous cultivated 
5. aracepapa (2n ~ 48), as also in 5. antipoviezii (2n == 48) x S, 
phureja (2n — 24). 

Bayliss (1933-1934) examined 17 cultivated varieties of Russian 
origin; he also observed a number of irregularities in the reduction 
division. 

Ellison (1935) has tried to study chromosome morphology in 
the potato. No fragmentation of chromosome, as described by Le¬ 
vitsky and Benetzkaja, is observed, nor any chromatine bridges be¬ 
tween chromosomes. Measuring the length of the chromosomes he 
found differences between 3.6 and 1.6-2.0 microns. He believes that 
in all fertile varieties even numbers of chromosomes of the same 
length should be present, which pair in prophase, while in less fertile 
varieties an odd number of chromosomes of the same length is present 
(for instance the variety Baron). This equality in length should be 
the real cause of a normal reduction division. It seems to me that 
Ellison's speculations are open to question. He admits that the 
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stage of the metaphase in which chromosome length is measured, is 
most important because chromosomes in different stages are differ¬ 
ently contracted and, because of this, different in length. He also 
selected the best metaphase plates and calculated a mean value 
from these plates, a rather risky procedure when measurings are 
taken from chromosome pictures with enlargements of 5000 x. 

In a second publication (1936) Ellison studied meiosis in fifty 
varieties of Solanum tuberosum, confirming the occurrence of meta¬ 
phase plates with the diploid chromosome number. Besides he describ¬ 
ed pollenmitosis, in which he found for large pollen grains the number 
of 96, for the others 24 chromosomes. This large number of 96 is 
explained by the hypothesis that the pollen mothercells did not 
produce tetrads. On account of his observations of primary and 
secondary association in diakinesis, in Mj and Mu, he concludes to 
the basic number of 6. 

Emme (1936) made crosses between species of tlie group Longipedi- 
cellata (2n — 48) with 5. ryhinii (2n -- 24), all Fi-individuals being 
.sterile. In Fi the characters of the parent with 48 cliromosomcs were 
dominant. A few times she observed 18 units in heterotypic meta- 
phases, in homoeotypic metaphases 16-19 chromosomes. Becau.se 
the meiosis is almost regular, she concluded that 12 longipcdicellata 
chromosomes are pairing by autosyndesis, therefore being homolo¬ 
gous. She agrees to the livpothesis of Lawrence and Mi’JNTZiNO that 
the basic number is six. 

Sepelewa (1937) studied morphological differences between the 
chromosomes in the species S. henryi, S. subtilius, S, vavilovii, S, 
ajanhuiri, S. goniocalyx and S. kesselbrcnncri. Differences between 
large and small chromosomes are .stated, and among the.se there is a 
difference between chromosomes with equal arms and otjiers with* 
unequal arms. Comparisons between chromo.some .sets of the species 
mentioned above have shown that these arc distinguished by the 
presence or absence of one of the.se chromosome types and by the 
number of pairs of the same type. 

In 1937 also a study by Schwarz was published in which he examin¬ 
ed the cross 5. phureja (2n 24) x 5. rybinii (2n = 24) and the 

triple cross of this hybrid with S, acaule (2n — 48). In the Fi-plants 
of 5. phureja x S. rybinii meiosis is normal; in the plants produced 
by the cross with S. acaule irregularities are being found because the 
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number of bivalents is varying, a few trivalents occur and 4~6, some¬ 
times more univalents are present. He concludes to the pairing of 12 
acaule chromosomes with 12 (phureja x ryhinii) chromosomes, 
while the remaining 12 acaule chromosomes should conjugate by 
autosyndesis, and a few of them join a bivalent thus forming a 
trivalent. The hypothesis that six is the basic number is supported 
by ScHW'ARZ because on that assumption the number of bivalents 
may be explained more easily. 

VV)N Olah (1938) described the pairing of chromo.somes in diaki- 
nesis in Solanum commersonii (2n —- 36). Ihiivalcnts, bivalents and 
trivalents arc being found, the meanvalue ol trivalents being 5.76 
per cell. In telophase a few chromosomes are lagging. Therefore the 
number of chromosomes in Mu plates is different; the formation of 
pollentetrads is very irregular. Dyads, triads, pentads and hexads are 
frequent. Pollen is bad with onh' a few apparently good grains among 
man\’ degenerated pollen grains, ('rosses were made of 5. commer- 
somi as mother with pollen of 5. henryt, S. chacoensc, and S. spec. 
"papa chusa*: a few ovules with definite chromosome numbers 
could be fertilized. 

In a .scries of ]>ublications (1937, 1938, 1940) Pkof^ach discussed 
tlie results numerous crosses. Irregularities in Fi-meiosis were 
observed in the following crosses: 5. acaule x S. chaioensc (2n 48 x 

2n -- 24), S. demissum x S. vcrrucomm (2n ” 72 x 2 n 24), 
demissum x S. chacoensc (2n -- 72 x 2n 24), 5. acaule x 
antipoviezii (2n =: 48 x 2 n — 48). Seven Fi-plants 5. chacoensc x 
.S. tuberosum (2n =- 24 x 2n — 48) out of a total of 54 Fi-individuals 
have been examined for their chromosome numbers; just as Opren- 
HEiMER had found, this number was counted as 48. A normal meiosis 
was observed for the following crosses between diploid species: 
1) S. verrucosum x 5. spec, "papa chusa!\ Fi intermediate, self- 
fertile, no abnormalities in meiosis and PMC’s, F 2 weak, 31 only out 
of 163 F 2 -plants flowering; 2) 5. verrucosum x 5. chacoensc, Fi more 
like 5. chacoensc, selfsterUe, but fertile with other Fi-plants, no 
cytological abnormalities, F 2 -generation was raised; 3) S. polyadenium 
X S. jamesii, Fi more like S, polyadenium, in 50 PMC’s only two 
univalents were found, pollen good, no F 2 seeds obtained; 4) S. 
chacoensc x S. sp: **papa chusa”, Fi in reciprocal crosses identical, 
more like S. chacoense, meiosis normal, plants fairly fertile; 5) 5. 
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henryi X S, verrucosum, Fi intermediate, regular meiosis, F 2 very 
weak, 8 out of 167 only reached the flowering stage; 6) S. henryi x 
5. vavilovii, Fi weak, normal meiosis, no F 2 seeds were obtained. In 
the four F 2 generations mentioned mendelian segregation was ob¬ 
served for three pairs of alleles. 

In 1939 Catherina Becker mentioned an artificial hybrid 5. 
demissum (2n - 72) x 5. tuberosum (2n — 48). The individuals have a 
diploid number of 60, the meiosis was irregular, but F 2 -plants could 
be obtained which varied between 48 and 58 for their diploid numbers. 

An Fi-plant with 2n 72 from S. antipoviczii (2n - 48) x 5. 
tuberosum (2n AB) has been described by Ivanov (1939) who 
assumed that an unreduced ovule of 5. antipoviczii had been fertilized 
by tuberosum pollen. The reduction division is partly normal (Mi 
with 36 bivalents), partly irregular. It is supposed that the antipo¬ 
viczii chromosomes have formed 24 bivalents, while the 24 tuberosum 
chronuisomes had probably produced 12 or less bivalents, a fairly 
probable assumption because of the irregularity of the reduction 
division in 5. tuberosum. The plant was fertile, the offspring showed 
diploid chromosome numbers 69 or 70. In the reciprocal cross these 
plants had likewise 72 chromosomes, the meiosis being irregular and 
the plants sterile. In a later publication (1940) he gives for the back- 
cross (S. antipoviczii x 5. tuberosum) x S. tuberosum chromosome 
numbers varying between 56 and 65, a repeated backcross again 
with 5. tuberosum varied still more while its chromosomes amounted 
to 52-65, and a third repeated backcross with S. tuberosum produced 
plants with chromo.some numbers 48-59. In all these cases the reduc¬ 
tion division was abnormal and the plants sterile for .selfing. 

IVANOVSKAJA (1941) lias examined the crosses 5. tuberosum x 
5. rybinii and S. tuberosum x 5. phureja in 30 Fj-plants. Seven of* 
these had 2n — 36, 22 gave 2n ^ 48 and one only 2n -- 24! Two F 2 - 
plants 5. phureja x 5. tuberosum (Centifolia) showed a diploid number 
of 48 and one backcross (F 2 X S. tuberosum) also had 2n — 48. 

In 1943 Stelzner tried to introduce the valuable resistance against 
beetles, which is characteristic for 5. chacoense into varieties of 5. 
tuberosum] from the cross S. chacoense x 5. tuberosum both fertile 
and sterile Fi-plants were obtained, the first having 2n = 48, the 
latter 2n = 36. He assumed that plants with 48 chromosomes (also 
found by Oppenheimer and by Propach) have arisen by fertilisation 
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of diploid ovules of 5. chacoense. The reciprocal cross is much more 
difficult obtainable. Two successful crosses produced an offspring of 
56, resp. 10 individuals, mostly self-fertile. Six of these being examined 
showed a diploid number of 48 chromosomes, the same number may 
be supposed for the other fertile Fi-plants. He supposes that these 
plants have been produced by diploid pollengrains of 5. chacoense, 
for which he refers to Bleier*s publication, mentioning for 5. tubero¬ 
sum a fusion between two Mi plates thus producing a dyad and diploid 
pollen; for S. chacoensc a dyad has been found only once by Oppen- 
heimer. Neither in tlie literature on S. chacoense, nor in my own 
research on this species liave dyads or diploid pollengrains been 
found, which makes Stelzners assumption rather questionable. 

Lamm (1941) published the results of a cross between the wild 
Soutli-American species S. curtilohum (2n — 60) x S. tuberosum 
(2n --48), a cross easily obtainable. The chromosome numbers 
varied between 49 and 56. The hybrids were fertile, the meiosis was 
mentioned to be perfectly normal. The reciprocal cross was successful 
only after grafting 5. tuberosum on a stock of tomato (S. lycopersicum ); 
this reciprocal offspring varied in chromosome numbers between 48 
and 59, but the plants were completely sterile with a very peculiar 
meiosis. Pairing of chromosomes did not occur, by which in Mj only 
univalents are produced. These univalents show a lengthwise splitting 
and the distribution is very regular; mostly all nuclei degenerate, but 
a few dyads have been olxserved. 

A more extensive publication by Lamm (1945) described a number 
of crosses between various species: 

1) S. yybinii (2n ■— 24) x S. verrucosum (2n — 24) with a normal 
meiosis; 

2) S. chaucha (2n 36) x S. stenotomum (2n =: 24). The somatic 

numbers varied between 24 and 29. The plants were not very robust. 
Those with a chromosome number larger than 25 did not come into 
flowering, with the exception of one 26-chromosome plant producing 
one berry which dropped afterwards. The meiosis in this plant was 
irregular. Besides bivalents there occurred a number of univalents 
and trivalents. 

3) S. chaucha {2n — 36) x S. tuberosum (2n =-48), a cross which 
is only successful if grafted. S. chaucha is used as motherplant. Seven¬ 
ty-one Fi-plants varied in chromosome numbers between 39 and 48. 
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No Mi stage was observed in meiosis, but in Aj a few lagging univalents 
were present. Probably, therefore, the Fj-plants formed bivalents as 
well as univalents. 

4) S. curtilohum (2n — 60) x S. andigcnum (2n — 48). Thi^ cross 
was analogous to that between curtilohum and S. tuberosum as men¬ 
tioned by Lamm in 1943. He withdraws his statement that this cross 
in Ml produces univalents only, because he now remarks “occasion¬ 
ally however, gemini are found". In one of his drawings almost onh’ 
bivalents in Mj may be seen. Tlie second division in these Fi-plants is 
reported to be failing. 

5) 5. acaule, doubled by colchicine (2n — 96) \ .S', tuberosum 

(2n *“ 48) is successful only when using .S. acaule as female parent. 
The somatic chromosome number in 18 plants varied between 70 and 
74, 72 being the most frequent number. In the meiosis of one he.xa- 
ploid hybrid univalents, bivalents, trivalents and tetravalents were 
observed; in Mn the chromosome numbers varied between 30 and 38, 
about 30% of the plates showing the number of 36 

In a few cases Lamm has observed a secondary association, but lie 
does not think this sufficient proof for the hypothesis that the ba.sic 
number would be six. 

Choudhuri (1943) has examined six diploid species of Solanum, 
Meiosis is generally regular, but a few times he found 11 bivalents 
instead of 12. Secondary association was a rather common pheno¬ 
menon in his plants, mostly four groups of two bivalents and four 
free bivalents. In one case he found a group of five bivalents and 
from this he concludes to a confirmation of the hypothesis about the 
basic number being six. Pollen in this plant consisted of normal and 
degenerated grains. He observed “bridges" and “fragments" in 
meiosis from which he derived the conclusion that the diploid species- 
he examined were of tetraploid origin, thus being amphidiploids. In a 
second publication (1944) he described crosses between his species, in 
which he observed large differences in fertility, in one case even that 
both reciprocal crosses are verj- different, one being fertile, the 
other sterile. 

Leona Schnell (1948) published results of crosses between 5. 
demissum and S. tuberosum. In Mj of the parent species .S. demissum 
she observed uni-, bi- and trivalents, and in that of S. tuberosum uni-, 
bi-, tri- and tetravalents. She does not confirm Salamans observation 
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tliat there are 12 bivalents and 12 univalents. A pairing between 
chromosomes of the same parent seemed probable. The An is very 
irregular, because man}” chromosomes stay behind in the nuclear 
plasm. Hexads were observed in the tetrad stage; many microcytes 
were present. Most striking is the presence of junctions between chro¬ 
mosomes in all stages of the mciosis,most especially in anaphase. 
1'his phenomenon does not c)ccur in wild species of Solanum with 
fertile pollen, but it has been observed in Solanum tuberosum and in 
all hybrids she examined. A direct correlation between the frequency 
of these junctions and pollen sterility seems probable. In her dis¬ 
cussion she jxunted out that the chromosome number is not the 
decisive factor for the occurrence of jx)llen fertility or pollen sterility, 
but that this depends on the presence of special chromosomes. “If 
indeed, in these plants, groups of chromosomes segregate intact, as 
would appear from tlie foregoing illustrations, then the number of 
chromosomes present would give no indications of the ability or 
inability of the pollen grains to function ; it would rather be a matter 
of which chromosomes are present that would determine functional 
capacity" (p. 207). She draws attention to a (juotation from I amm: 
“A comparison between the percentage of balanced Mn plates and the 
percentage of g(K)d pollen shows that some of the apparenth’ good 
]X)llen must have an unbalanced chromosome number." She never 
observed any .secondary association, like that described by Muxtzing. 

In ovules meiosis has been examined by a few authors only. Rees- 
Leonard (1934-1935) described the formation of the embryosac in 
Solanum tuberosum. He observed a few irregularities in this meiosis, 
like “lagging" chromosomes in heterotypic and homoeotypic divisions. 
Degeneration is observed in various stages of development in the 
macrogametophyte. This degeneration may be accompanied by a 
degeneration of the microspores, but this is not a general rule. In a 
certain measure a degeneration of the egg cell is responsible for a 
poor seed formation, 

Ellison (1936) also has studied a few stages of the embryosac. 
Some varieties have been found with very regular reduction divisions 
in the female organs, others showed a great many irregularities. A 
normal reduction division in the egg cell is generally accompanied by 
regular reduction divisions in the anthers, a statement which is 
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denied by Bayliss (1933-34) who observed sterile pollen and normal 
ovules in the same species. In 17 cultivated varieties examined, the 
female gamctoph} te showed to be fully normal. 

Arnason (1943) found that the number of degenerating egg ceUs 
is rather large, though its percentage is smaller than that of degenerat¬ 
ed pollen. In meiosis he met a few irregularities, though again not so 
frequently as in meiosis of the pollen mothercell. He ascribes this 
difference to the fact that in reduction division in the embryosac 
cross walls are being formed quite quickly while in reduction division 
of poUen this does not happen. “A gene or set of genes that delays the 
second meiotic division might have quite different effects on macro- 
andmicrosporocyte divisions. At the end of the first division in anthers 
the two nuclei are not separated by a membrane, in ovules the nuclei 
are so separated. Some of the meiotic failures in microsporocytes has 
l>een attributed to the interphase nuclei of the first division approa¬ 
ching each other, than failing to divide independently at the second 
meiotic division; this result could not occur in ovules, ])rovided a cell 
plate or membrane is formed prior to the second division" (p. 55). 
And further: "The observed abortion of ovules may be, in part, a 
result of the actions of more or less specific lethal or semilethal genes, 
acting on macrospores or gametophytes. If tluTe are .such genes, they 
may also cause pollen sterility since, as far as the writer is aware, no 
variety with high pollen fertilit\' is female-sterile." 

Since 1939 a series of publications appeared on doubling the chro- 
mo.soine number under influence of colchicine treatment. The first 
reports have been given by Muntzing and Runquist in Sweden 
and by Johnstone in Ithaca (N.Y., U.S.A.). 

Muntzing and Runquist (1939) have applied colchicine to numer-* 
ous species from various families. Results have been obtained amongst 
others in Solarium tuberosum, where seeds of the variety Triumph 
were treated with a solution of 0.05% colchicine during 6 days. Two 
plants .showed the somatic number of 96 chromo.somes, one of 64 
(2 plates 64, one plate 63). 

Johnstone (1939) applied three different methods of colchicine 
treatment: 1) Seeds were kept for 72 hours in Petridishes on filter- 
paper soaked with solutions of 1.0, 0.5 and 0.25% colchicine; 2) 
Seeds were kept in a .solution of 0.5% colchicine at a temperature 
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of 25° C for 3~5 days; 3) Small parts of tubers of S. tuberosum were 
selected with very few eyes; the buds from the eyes were removed 
and the eyes spread with a mixture of colchicine and lanoline (100 
grams of lanoline and one gram of colchicine). Each newly formed 
sprout was forced to pierce this paste of lanoline; these were again 
removed while the eye again was covered with paste. A month later 
the tubers, after the paste had been removed, were planted in pots. 
Both S. tuberosum and the species .S. bulbocastanum, S. jamesii, S. 
chacoense, S, andigenum and S. neoantipoviezii produced tetraploids 
by this paste method. Generally spoken these tetraploid plants 
showed larger stomata, larger pollengrains, wider and thicker leaves, 
larger and more coarse parts of the flowers and a slower development 
than the diploids. In S. tuberosum malformation of leaves was ob¬ 
served. The flowerbuds dropped before their full stage of development 
was reached. Most obvious was the difference between diplr)ids and 
tetraploids in S. jamesii. 

In the same year (1939) Rudokf discussed the importance of 
colchicine application for potato breeding. He pointed out that 
sprouts of tubers should lx? treated; treatment of seeds seems not 
ver>’ desirable because of the heterozygotic nature of the potato. 
However, sprout-treatment meets the difficulty that tetraploid 
shoots are obtai^ied whicli .shall be planted as cuttings to obtain 
tetraploid tubers. A fairly long treatment is necessary in most varieties 
while only a small percentage of results can be ex|^cted. 

Rybin (1940) mentioned the re.sults of colchicine treatment on 5. 
ryhinii. The plants he obtained had darker leaves, larger cells in 
epidermis and parenchyme; meiosis showed 24 bivalents, which 
separated in a regular way sometimes a few lagging chromosomes. 

Livermore and Johnstone (1940) crossed the tetraploid plants 
of 5. bulbocastanum, 5. chacoensc and .S. jamesii, obtained by John¬ 
stone, with 5. tuberosum. Crosses with diploid S. jamesii (2n — 24) 
or tetraploid S. jamesii (2n - 48) did not produce any results; those 
with S. bulbocastanum produced one seed, the vitalit}^ of which was 
questioned. The crosses with diploid 5. chacoense (2n 24) gave a 

few seeds only, but those with tetraploid S. chacoense (2n = 48) 
proved fairly successful, giving a mean of 30.6 seeds in eacli berry. 
The reciprocal cross S. tuberosum x 5. chacoense (2n = 48) also gave 
positive results. 
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‘ Stelznkk (1941) again treated sprouts of 5. tuberosum with colchicine. 
In every tuber all sprouts were removed with the exception oi one. 
The tubers were wrapped in paper and in an exsiccator the sprouts 
plunged in a solution of colchicine; after removing the air for 5 minutes 
by means of an airpump, the air was again turned on and so tlie colchi¬ 
cine solution entered the sprouts by force. The plants obtained had 
stiff, curled leaves, hard to the touch. The flowerstalks were shorter, 
the buds thickened, the corollas not enlarged but more intensively 
coloured, the cones of the anthers wide and compact, the stolons 
shortened. The tubers did not show any differences; their niiml)er 
was only half that of the normals, but in weight and in contents of 
starch there were no obvious differences, tliough these characters 
were a bit lessened. 

Gertrud Weichsel (1940) studied the influence of colchicine on 
Solatium tuberosum and 5. rvbinii. Seeds of S. tuberosum were treated 
with solutions of 0.25%, 0.5% and 0.75% colchicine; differences 
between these various concentrations have not been found. The 
radicles were thickened; the plants shortened and thick-set; they 
did not flower. Treatments of 5. rybinii (0.1%, 0.5% and 0.75‘*o) 
gave no differences; the plants were not obviously thickened, but the 
flowers, pollen and seeds were enlarged. The capability oi germina¬ 
tion was normal. 

Lamm (1943) mentioned a doubling of chromosomes in a species 
called S. punae (2n - 48), which statement in 1945 was corrected by 
designating the plant as belonging to S. acaule. These doubled 5. 
acaule (2n — 96) as female parent could be used for crosses with .S‘. 
tuberosum. He mentioned the occurrence in nature of spontaneous 
polyploid individuals of this .species. 

• ’ 

Perlova (1939, 1940) has studied the influence of climatic con¬ 
ditions on sterility; plants of Solatium vallis mexici (group Longipedi- 
ccllata, 2n ~ 36) in Leningrad were sterile, self-sterile and cross- 
sterile. They were transported to an experimental field on an upland 
plain near Pamir (2320 meters above sea-level), under dry and typical 
continental conditions, with no rain in summertime and big fluc¬ 
tuations in temperature. Here this species, 5. vallis mexici, proved to 
be fertile. From .seeds, sown on the Leningrad experimental field, 
hexaploid plants were obtained; Perlova ascribed the production of 



SOLANUM TUBEROSUM L. ANT) SOME OF ITS RELATIVES 


221 


fertile gametes to the low temperature during the nights. In 1943 she 
[Hiblished analogous data concerning three other triploid species, 
wliich under Leningrad conditions were almost or fully sterile: vS. 
tenmfilamentum, S. mamilliferuni and .V. cuencanum, all belonging to 
the subgroup Andigena of the group Tuberosa, and with a diploid 
chromosome number of 36. 1'ransplantation of the.se plants to the 
Pamir plateau caused fertility; they produced berries containing many 
seeds. Sown in Leningrad these seeds gave rise to a number of seedlings 
with 4&-'50 chromosomes, thus being tetraploids. In the same way 
])lants of S, maglia (Eutuherosa, 2n — 36) under the climatic condi- 
t ions of Pamir produced a small offspring mostly of nearly diploid plants 
(2n ' 24 4- 1 and 2n 24 -f 2), which in their morphological char¬ 
acters looked very much like the triploid plants, the main differences 
being found in quantitative characters. Perlova as.sumed that the.se 
plants came from parthenogenetic ovules, because the pollen proved 
to hi- very poor. 


.MATERIALS 

h'or these .studies Miss Kauenga and Dr Toxopeus kindlv gave 
me si*eds of the following species and Fi-generations: 

.S’, rvhinii (2n - 24) 

.S. phureja (2n — 24) 

.S. ganiocalyx (2n - 24) 

.S. (intipoviezii (2n 48) 

.S. accntlc (2n -■ 48) 

.S. demissum (2n — 72) 

•S. demissum x S. tuberosum (Record) 

.S. tuberosum (Bevelander) x 5. tuberosum (Flourball) 

.S. tuberosum (Eigenhcimer) x .S. tuberosum (Flourball) 

Tubers have been obtained belonging to the diploid .S. chacoense 
and the varieties of tuberosum Voran, llltimus. Matador, Furore, 
Saskia, Bevelander, Rode Star, Eigenheimer. Later I received pollen 
and seeds of S. caldasii and S, commersonii from Mr Groothoff at 
Hoogkerk. I obtained also tubers of .S'. Commersonii from Uruguay. 

notes on the species grown for these studies 
S.rybinii Juz. et Buk. A diploid potato cultivated by the Indians 
(2n ^ 24). Belongs to the subgroup Andigena of the group Tuberosa, 
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Native of Columbia. Stolons rather long; shape of tubers irregular. 
Flowers white to dark purple. 

5. phureja Juz. et Buk. Also a diploid (2n — 24) })otato cultivated 
by the Indians. Belongs to the same subgroup Andigena. Is growm in 
Bolivia at 6000-9000 ft altitude. Just as S. ryhinii long stolons and 
irregular!}^ shaped tubers. Flowers white to dark purple. 

5. goniocalyx Juz. et Buk. A third type of diploid potato culti¬ 
vated by the Indians from the subgroup Andigena. Occurs in Central 
Peru. 

The.se three types, described by Juzep('Zuk and Bukasov with 
the rank of “species** are very little different ; in my opinion there is 
much in favour of bringing them together into one species, of which 
they are to be considered varieties. A comparison of their geographical 
habitats also argues for the hypothesis that these types have been 
isolated from the same species by selection under different climatic 
conditions. 

5. antipoviezii Buk. A wildgrowing species belojiging to the 
group of Longipedicellata. Is found in Central Mexico, ('hromo.some 
number 2n — 48. Flowers white or pale yellow. In Hawkes* opinion 
the group of Longipedicellata is closely related to the group Tuherosa. 

The other species, described in this group, viz. S. malinchensc^ S. 
thlaxcalense, S. a'juscoense and 5. longipedicellatum show only slight 
differences when compared wdth 5. antipoviezii \ in this case also it 
seems to me better to join them into one species, with distinction of 
varieties. 

5. acaule Bitt. Belongs to the group Acaulia\ occurs in Mexico. 
Chromosome number 2n = 48. Ro.settes. Pedicel almost invisible; 
lobes of the corolla very shcjrt. Resistant again.st frost. Flowers 
purple. 

S. demissum Lindl. One of the species in the group Demissa; 
occurs in Mexico. Chromosome number 2n 72. Short lobes of the 
corollas. Flowers purple. In a high degree re.sistant against Phytopk- 
thora, and for this reason much in use in breedingwork. The species 
was originally described by Lindley as 5. demissum in 1848; but 
again in 1849 by Klotszch, who called it S. utile. In 1912 Bitter 
has shown the identity of both species and proposed Lindley *s 
name of S. demissum as the right one. 

5. chacoense Bitt. is a diploid (2n == 24) species from the group 
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Commersoniana, Hawkes does not mention any further details. 

.S. caldasii Humb. et Bonpl. Just like 5. chacoense a diploid 
(2n 24) form of the group Commersoniana, Hawkes gives no 

description, but it seems to me that the differences between both 
species are so very small that a s|^ecific separation is not well founded. 

Solatium commersonii Dun. There is some doubt about this .species. 
Generally, as also by Hawkes, it is described as a triploid form (2n 
— 36) from the group of Commersoniana, By its triploid nature no 
berries are formed. 

From the seeds I obtained from Mr Groothoff, as belonging to 
Solanum commersonii, plants have been grown with 2n — 24 and 
these diploids arc fully fertile. Judged by their habit, these plants 
certainl}’ belong to the Commersoniana-^rovep. However Hawkes 
also mentioned (1944, p. 21) plants with seed containing berries; 
their chromosome number had not yet been counted. He states: 
“In view of the rejKirted complete sterility of 5. commersonii, the 
strains EP(': 1321 and 1322 may not be triploids; they are however 
closely related to 5. commersonii and may be diploid forms of that 
species.” 

The sfiecies has been described for the first time by Dunal, who 
obtained his plants from Commerson (Encj'cl. Method. Botanique, 
1813). His description profoundly differs from that given by De 
V iLMOKiN of the plants growm in Verrieres under the name of 5. 
commersonii since 1900 (De V^ilmorin, 1929), for which a chromosome 
number of 2n -- 36 has been counted. De Vilmorin reaches this 
conclusion in his paper: “1.1-e Solanum commersonii a fleurs blanches 
est un hybride triploide a 2n ~ 36; 2. Les parents probables en 
seraient une espece diploide a n = 12 et une espto tetraploidc a 
n =1 24, dont Tun des deux serait le veritable Solanum commersonii 
de Dunal” (p. 387). 

A second statement concerning the number of chromosomes is 
given by Longley & Clark (1930). The material is original from the 
Aroostook Farm. No further details of the place where this material 
was collected, are given. He says the following: “There were very few 
cells that showed a regular pairing of all chromosome units. The 
number of paired chromosomes varied from 12-18, with a corre- 
.sponding variation in the number of univalents”. In the subjoined 
drawings we see a first metaphase plate with 16 bivalents and 4 
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univalents and a second metaphase plate with unequal chromosome 
numbers in both plates (15 and 19) and 2 extruded chromosc^mes in 
the plasm. He concludes that 5. commersonii is triploid with 2n ~ 36. 

A third statement concerning the number of chromosomes is given 
by VON Olah (1938). His material is original from De Vilmorin. He 
also finds 2n — 36. and describes more in detail the meiosis of 5. 


commersonii. He thinks it probable that S. commersonii has been an 
autotriploid, arisen originally by the fusing of an unreduced egg cell 
and normal haploid pollen. That S. commersonii should be an allo- 
triploid seems to him improbable. In that case one of the parent 
plants must have been a Solanum species with 48 chromosomes. Up 
till now all tetraploid Solanum species have a rotate corolla. And in 
crossings of such a species with a diploid having a stellate corolla, 
the rotate corolla is always dominant. 

Dk Vilmorin already remarks that his material is not the same as 
the Solanum commersonii described by Dunal. This author in 1813 

gave the descnpti(;n as seen 


SuiTi Dll fsricci. 

^ Efiiat dip0mnmt dt piqiuiu, 

86. Mojtitu Comacifoo. SiLiimm Commtr^ 


from fig. 1. Later on, in De 
Candolle (1826) he published this 
diagnosis: “.S .commersonii (Dun. 


Sek^LM €tmi§ ktrUift piUfij foUh ptmtuiit svn. p. 5, n. 2), stem herbaceous 

fMyratist pih/ui forikiu C9rymktfi, girmitutitkiti ‘ . n j . 

tfificiiAifM. Ovn. Soppl. and pilose, leaves stalked, sub- 


tfificiiAifM. Ovn. and pilose, leaves stalked, sub- 

Toiik U pliDie tA €ou?erct 4c poib fiaplcii pinnately lobed, the terminal 
eUecIciplutgrandi npportsmei i 
hfofum. file eii dtiftfc, i* per fef fcuilln pro* segment largest, the lateral seg- 

uncciual, often blunt,in- 

pu dienucivtmm MpiMi p»r to folieto florescences terminal corymbose, 

mipatre« qiii eft cr^-grandei {*• par la coroUt. 

^1 eft i cinq diviAoiHp ooii i cinq aDglcs. La corolla 5-fid. Leaves 2~2 1 /3 
racinc de cecce phoM eft encore incoonne. • i i j i ^ • t 

nvpon«*dtrA«<rHM »Mdi«n.to long, the odd terminal seg- 

parComnierfoa« qiu l*acoic cucifliedim^ ment 1-1 1/4 inch. Jong, 6-1*4 

appclc JP/itfr dKjwrddaaMnicir Jlciiif-Kfdrc. O _ ! « o 

( Dim, HifS, Mmf, ) lines wide, blunt, ovate or ovate- 

1 -a. j r - 4 . - r 1 rotundate; lateral segments 

Ti« 1. Cited from Poiret in Lamarck, ” 

Kncyclopedie Mdthodique Botanique niuch smaller, 3—7 lilies long, 
Suppk'ment. Tome III (1813),p. 746. 2-4 lines wide, 3-2-1 jugatc, 

sometimes solitary. Corymb 
few-flowered. Pedicels articulate halfway up. Calyx 5-fid, lobes 
acute. C orolla 5-fid, lobes lanceolate acute. Anthers close to¬ 
gether. Style twice as long as the anthers, club-shaped at tip. Stigma 
bifid?, subcapitate.” A drawing made b}’ Sabine (1822) from the 
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original herbarium material of Dunal is reproduced in figure 2. 

The following description is given by Philippe de Vilmorin, the 
father of R. de Vilmorin (1900): "Tige grSle, 6tal6e puis dressfe, 
teintie de violet aux noeuds; feuilles k folioles obtuses, oblongues, 
vert fonc4, nerv^es; plante tr^s longuement tra^ante; en juin fleurs 



Fig. 2. Drawing of S . comtnersonii Dun. from Sabine (1822), pi. 10. 

blanches abondantes; en septembre, a produit quelques bales oblon¬ 
gues; k ranrachage tubercules ronds, petits, tr^s blancs, chair blanche; 
germes tant6t tr^s violets, tant6t presque blancs." 

Sutton (1908) has compared the Solanum commersonii cultivated 
in Europe with a S. commersonii flowering purple which he obtained 
directly from Uruguay and says: 

"Two forms of this species are known; one bearing lilac flowers 
Genetica XXV 


15 
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and corresponding both in this and in all other respects with Dunal's 
description, and the other very similar to it but bearing white flowers. 
_Of the violetflowered form I have had very many tubers collect¬ 
ed in a wild state in Uruguay, and Professor Archeavaleta of 
Montevideo assures me that there is no other form to be found in a 
wild state in Uruguay. There is, however, reason to think that the 



Fig. 3. Illustrations of 5. commersonii from Sutton (1908). 

white-flowered variety was introduced into France from Uruguay 
by a Colonel Robido in the year 1895." 

The drawing he gives of S. commersonii (white flowering) (fig. 3) 
is resembling in all respects the S. commersonii I obtained from 
Uruguay, (cf p. 227) 

In Berthault (1911, p. 152) we find the following: *T1 existe 
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deux varietes de cette plante, celle que Commerson a recoltee et que 
Dunal, puis DE Candolle ont d^crite, qui est k fleur lilas, puis une 
seconde plante, de tous points semblables k la prec^dente, introduite 
en France, par M. de Saint-Quentin en 1896 et cultiv6e en Europe 

par M. Heckel. C*est ce dernier type a fleurs blanches_” It is 

this last mentioned plant that is cultivated in Verricres: *Xa plante 
de Verrieres se rapportc sans aucune doute, a celle rapport^e par M. 
de Saint-Quentin'". (R. de Vilmorin p. 386). 

To be sure that the material I have used is the real 5. commersonii, 
1 have asked de VilMorin for material, but unfortunately I received 
no answer. Dr A. Establier (Unesco, Centro de Cooperacion Cientifica 
para America Latina) kindly introduced me to Prof. Dr. A. C. Boer- 
GEii, director of the Institute) Fitotecnico y Semillero Nacional “La 
Estanzuela"’, Depto de Colonia, R.O. del Uruguay, who in a friendly 
waj' gathered tubers of Solatium commersonii on my behalf from the 
surroundings there. Some of these tubers were brought home by the 
Secretary of the Genctical Institute Miss M. C. Buyze, who at that 
time was visiting U^ugua^^ and some were sent by airmail. The plants 
grown from these tubers had the habit characteristic for plants of the 
Commersoniana group. They had the same properties, given by Dunal, 
only the top leaflet is larger than the other leaflets. The flower colour 
was a dirty white, the underside of the corolla was somewhat purple. 
They were flowering abundantly. The most striking fact was that the 
plants were bearing many berries in the latter part of the summer. 
After cytological investigation it appeared that the somatic chromo¬ 
some number was not 36 but 24. The meiosis is completel}’ regular. 
In the first metaphase 12 bivalents are observed. In the second 
metaphase 2 plates containing each 12 chromosomes are found 
(fig. 4-7). 

It is quite sure that the plants I have investigated belong to the 
Commersoniana group, but are they the real S. commersonii} I donot 
think they are. Comparing figs 2 and 3, from which no 3 is agreeing 
in every respect with the plants I have studied, than there is a ^riking 
difference in the form of the leaf. The top leaflet of the plants describ¬ 
ed by Dunal and figured by Sabine (fig. 2) is very large, very much 
larger than the other leaflets, whereas the leaflets of the plants ih the 
drawing given by Sutton (fig. 3) are nearly aU the same, which is 
also the case in my plants. Is my material identical with the plants 
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Fig. 4. Solanum commersonii — Mi. 


Fig. 5. Solanum commersonii — Aj. 
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studied by Sutton? As for the general habit, yes. Concerning 
however the fertility, no. My plants were bearing many berries, 
whereas Sutton remarks (protesting against the assumption by 
some authors that S. tuberosum originates from 5. commersonii, 
1908, p. 168): “Je peux cependant signaler qu'il est presque impos- 



Fig. 6. Solatium comniersonit — Mj|. Fig. 7. Solatium commersonn —Cytoki¬ 
nesis 


sible par autof^condation ou par f6condation croisee d’obtenir des 
graines f^condes du S. commersonii, et qu’il en est ainsi, ccla meme 
est un tr^is fort argument centre la possibilite pour le 5. commersonii 
d’avoir donne naissance par entre-croisement k quelques-uncs des 
pommes de terre cultiv^es d’Europe ou a toutes ces pommes de terre*'. 

And is the material of Sutton identical with the .S. commersonii 
of Dunal? Comparing figs 2 and 3 tliis seems to me very improbable. 

And finally I do not think it is probable that the plants investigated 
by De Vilmorin have been identical with the 5. commersonii of 
Dunal. So the question arises whether S. commersonii described by 
Dunal has been a triploid species. 

Though Professor Archeavaleta from Monte Video informs us 
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that only one wild species of Solatium occurs in Uruguay, (p.226), 
Bukasov (1938) mentions different species. According to Bukasov 
the area of the triploid species from Monte Video is very limited, 
"apparently not extending beyond the direct vicinity of Monte 
Video” (p. 177). Other wild species are: S. ohrondii Corr., a diploid 
form occurring near the mouth of the La Plata river on Goritti Island 
opposite the town of Maldanado; S. henryi Buk. and Led. from 
Estanzuela, S. sorianicum Buk. from the Department of Soriano. He 
is unacquainted with diploid species from Monte Video, though 
apparently they exist, judging from the work of Gassner (1910) 
who mentions seedball producing species from that region, which 
thereby cannot have been triploids. Bukasov says: "Hence, all 
references in the literature to the finding of 5. commersonii outside 
the direct vicinity of Monte Video, e.g. at Mercedes or Buenos Aires, 
concern presumably not triploid S, commersonii s. str., but an entire 
group of quite closely related species which have been assembled by 
us in 5. commersonii sp. coll.” 

He states further: "The plant described by Dunal originated 
from the vicinity of Monte Video. Such live specimens of wild potatoes 
from Monte Video ranked as S. commersonii, as are now known, have 
been found to be triploids”. In my opinion this is not right. It is 
certain the plant described by Dunal as 5. commersonii originated 
from Monte Video. It is certain too that the plant investigated by 
De Vilmorin had 36 chromosomes. But nothing is known to my 
knowledge about the origin of the plant introduced in Europe as S. 
commersonii. As I mentioned above, it is not at all certain that S. com- 
mersonii has been a triploid species. On the contrary there is much 
to be said for 5. commersonii Dun. being a diploid species. 

A further taxonomical and cytological investigation of the wild * 
species occurring in Uruguay seems to me very much wanted. For the 
present I think I am fully justified to call the plants I have obtained 
from Uruguay 5. commersonii sp. coll. 

methods 

Before passing on to the results of the performed crossings, first a 
few details about the methods 1 have used. 

For stud 3 dng mitosis, roottips were used. The roottips of seed that 
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had germinated in Petri dishes with moist blotting paper, were ver\^ 
small with only a few divisions, consequently only occasionally a 
satisfactory metaphase plate was found. The same I got with roottips 
from plants raised from seed. Also the plants brought up from tubers 
had very small roots. Much bigger roots I obtained by using the 
following method: From a sprouting tuber a small piece with sprouts 
was cut off and placed in a tray filled with gravel and water, in such 
a way that the water reached the cutting plane of the tuber piece. 
This tray was covered with a glass-shade to get a moist atmosphere. 
The roottips obtained by this method gave a sufficient number of 
divisions. 

The roottips were fixed in Randolph modification of Navashin, 
embedded in paraffin, sectioned 7 |x and stained with crystal violet. 
For studying meiosis a squash was made in orcein from one anther 
of a young bud to get the good stage wliile the other anthers were 
fixed in Randolph modification of Navashin, embedded in paraffin, 
sectioned at 7 fx and stained with basic fuchsin (Feulgen reaction) or 
with crystal violet. 

For application of colchicine the following method has been used: 
Seeds were put on blotting paper soaked with a 0.1 % aqueous solution 
in Petri dishes. Soon after the radicle appeared the very j^oung 
seedlings were planted into small pots containing seeved humus soil. 

CROSSES MADE IN 1947 

In the summer of 1947 a number of crosses have been made between 
the various species at my disposal and a few varieties of S. tuberosum. 
The very warm and dry summer weather however appeared unfa¬ 
vourable for the successes of these crosses. The following crosses have 
succeeded: 

S. rybinii x S. chacoense 

S. rybinii x S, caldasii (2n = 24) x (2n = 24) 

S. rybinii x S, commersanii 

S. phureja x S. acaule (2n = 24) x (2n = 48) 

S. tuberosum (Voran) x S. rybinii 

S, anUpoviezii x S. chacoense 

S, anUpoviezii x S. phureja (2n = 48) x (2n = 24) 

S. antipoviezH X S. rybinii 

S, antipoviezii x S. commersonii 
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5. dentissum X 5. cMasii 
S, demissum x 5. commersonii 
S. antipoviczii x 5. demissum (2n == 48) X (2n = 72) 

Part of the Fi seeds from the cross S. demissum x S. tuberosum 
(Record) kindly presented to me by the late Miss Kapenga, has been 
treated with a 0.1% solution of colchicine. F| seeds of the tuberosum- 
crosses Bevelander x Flourball and Eigenheimer x Flourball have 
been colchicinized in the same way. 

I. Crosses between diploid species 

The following crossings gave results: 

Solanum rybinii x Solanum chacoense 

Solanum rybinii x Solanum caldasii 

Solanum rybinii x Solanum commersonii (2n = 24) 

Solanum rybinii x Solanum chacoense 

In 1947 10 seeds of Solanum rybinii were sown, giving 6 flowering 
plants (fig. 8), The flower colour varied from bluish purple, dark 



Fig. 8. Solanum rybinii. 
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pink, light purple to dark purple. The mother plant used for the 
above mentioned crossing was flowering dark pink with big, rotate 
corolla. The progeny of one of the other 6 plants with the same flower 
colour consisted of 31 purple or dark purple flowering plants and 9 
white flowering. It is therefore very probable that the parent plant 
S. ryUnii has been heterozygous for flower colour, which has been 
affirmed' by Fi and Fj. 

Solatium chacoense (fig. 9) is flowering white and has a stellate 



Fig. 9. Solatium chacoense. Fig. 10. Solanum rybinii x Solanum 

chacoense Fi. 

corolla. The Fi (fig. 10, the, number of the culture is 4801) was very 
homogeneous. The general habit was more like Solanum rybinii, but 
the plants were more tenuous. The corolla was nearly like Solanum 
rybiniie The flower colour was different, namely purple and white 
flowering plants. Five of 10 Fi plants were flowering purple and 5 
white. The Fi had the somatic number of 24 chromosomes. The 
meiosis was just as in the parent plants perfectly regular. In Mj 12 
bivalents, in Mn 2 groups of 12 chromosomes were found. Selfings 
failed, but cross-pollination between Fi plants succeeded partly. The 
following crosses were performed; 
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number of 
crossings 

results 

4801/3 X 4801/8 . 

13 

all failed 

4801/3 X 4801/2 . 

13 

all failed 

4801/8 X 4801/2 . 

19 

6 berries 

4801/8 X 4801/3 . 

13 

all failed 


Dr Toxopeus tried to cross these Fi plants with other Solanum 
species and got different results: 



number of 
crossings 

number of 

berries 

1 

number of 

seeds 

Fi X S. (kathadin). 

29 

16 

49 

Fi X S. demissum . 

62 

2 

0 

Ft X 5. antipoviczii . 

29 

0 

0 

Fi X 5. polyadenium .... 

46 

0 

0 

Fi X 5. acaide . 

14 

0 

0 


At the end of the summer the plants were crowded with berries, 
it is very probable that these have arisen from cross pollination 
between Fi plants. The F 2 was therefore composed of the progeny of 
the crossing4801/8 x 4801/2 (white x purple). The seeds of one of these 
berries failed to germinate. There remains the progeny of 5 berries, 
indicated by the culture numbers 4904, 4905, 4906, 4907 and 4908. 

The following table shows the germinative power of the seed: 


number of the 

culture 

number of seeds 

number of young 
seedlings 

number of 
flowering plants 

4904 

136 

128 

u 

4905 

146 

120 

98 

4906 

59 

57 

43 

4907 

50 

22 

18 

4908 

118 

83 

68 

Toted 

509 

410 

311 


It is very remarkable that a big number of plants has died in a 
young stage. 
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Fig. 11. A view of a part of the numbers 4905 and 4906 (5. ryhinii x S, cha- 
coense F 2 ) showing the big difference in habit. 
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This F 2 , composed of 311 plants is very heterogeneous (figs. 11 
and 12). There are striking differences in size, form and colour of the 
leaves, form of the corolla, etc. Plants showing the typical Solanum 
chacoense habit did not occur, but some plants very closely resembled 
Solanum rybinii. 



Fig. 12 . Two divergent types of No. 4906. 
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Flower Colour 

There is a segregation in white and coloured flowers. Last mentioned 
plants were flowering in different shades: light purple, bluish purple, 
dark purple, pink, pinkish purple. A classification into these types 
being impossible I should prefer to take these plants together as 
‘'coloured flowers’*. Putting these coloured flowers as opposite to 
white flowers, we are getting the following table: 


number of the culture 

flower colour 

white 

coloured 

4904 

40 

44 

4905 

57 

41 

4906 

19 

24 

4907 

7 

11 

4908 

41 

27 

Total 

164 

147 


It is possible to explain the segregation concerning the appearence 
of anthocyanin by the assumption that the formation of anthocyanin 
depends on one single pair of factors, for instance PP and Pp == 
coloured, pp no anthocyanin. As well the crossing S. ryhinii (hetero¬ 
zygous coloured) x S. chacoense (white), as the mutual combination 
of the Fi plants (4801/8 white x 4801/2 purple) can be considered as 
the back crossing Pp x pp = Pp + pp* The segregation 5 : 5 in the 
first case, is in complete agreement with this, even for the small 
number of individuals, strikingly accurate. 

The second segregation 147 coloured : 164 white in the F 2 genera¬ 
tion is not so exact, but sufficient (expectation 155.5 : 155.5; D = 8,5, 
mates == 8.82, D : m = 0.96). A further analysis of the coloured types, 
as has been done by emme, did not lead to results. Emme (1936) 
explains the segregation by supposing two factors for anthocyanin 
A n®Pand A n‘“* which are causing formation of anthocyanin at the 
upper side resp. at the under side of the petals, and two factors C 2 
and Cl which are the cause of the pH concentration in the cytoplasm 
by which the colour changes from bluish to reddish. The numbers she 
gave as a proof of her supposition are rather small; I found it im¬ 
possible to affirm or deny the existence of these factors. 
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Shape of the corolla 

Besides the pure **chacoense'* type and the pure **rybimi*' type, 
various intermediate types occurred, sometimes more resembling the 
ryhinii type, another the chacoense type. Moreover there were many 
deformed flowers (about which more later). The size of these flowers 
was very small, but it was impossible to determine the type. Some¬ 
times their corolla was polypctalous. The following numbers have 
been found: 


number of the 

culture 

Type of the corolla 

chacoense 

rybinii 

inter¬ 

mediate 

small 

total 

4904 

16 

9 

51 

8 

84 

4905 

6 

15 1 

56 

13 

90 

4906 

5 

9 

23 

6 

43 

4907 

1 

4 

10 

3 

18 

4908 

4 

13 

42 

10 

69 

Total 

32 

50 

782 " ” 

40 

■” 304~ ’ 


Shape of the leaves (fig. 13~15) 

Both Solatium ryhinii and Solanum chacoense have composed leaves. 
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The number of leaflets in Solanum rybinii is 2 or 3, the top leaflet 
being the bigger one, the other ones decreasing regularly in size. The 
surface of the leaves is wrinkled. The number of pairs of leaflets in 
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Solatium chacoense is 4. The top leaflet has the same size as the lateral 
leaflets. The surface of the leaves is smooth. 

The Fj has 3 or 4 pairs of leaves. 

In the F 2 the following was found: 


number 

of the 

culture 

number of the pairs of leaflets 

top leaflet 

surface of leaf¬ 
lets 

2^3 

3 

344 

4 

as lat. 1. 

>lat. 1. 

« ryb. 

as chac 

4904 

33 

36 

16 


49 

36 

81 

4 

4905 

39 

29 

28 

2 

47 

50 

95 

2 

4906 

21 

11 

11 


6 

37 

42 

1 

4907 

10 

4 

4 


1 

17 

17 

1 

4908 

37 

22 

9 


18 

50 

68 

- 

Total 

140 

102 

68 

2 

112 

190 

303 

8 


Deformed flowers 

The most striking fact in the F 2 were plants with abnormal flowers. 
The abnormality was chiefly limited to anthers and ovary, but 
sometimes the corolla was also obviously deformed. Each plant was 
characterized by one type of flower only. I never found these types 
of abnormal flowers either in Solatium ryhinii nor in Solatium cha¬ 
coense, or in other Solanum species or crosses. 

The following abnormalities were found (fig. 16-29). 

1) anthers shorter than normal, reduced at 1 /2 

»» II II II II II 1/3 

3 ) II II II II ,1 ,1 1/4 

4) 5 rudiments of anthers which have the same or not the same 


length 

5) the number of rudiments is 4, 3, 2 or 1 

6) there are no anthers 

7) the anthers do not form a cone as seen in normal flowers. Here 
they are separate and are pointing outside 

8) the top of the anthers is filiform, they do not have dehiscing 
pores, while sometimes the colour is green 

9) rudiments of anthers take the shape of ovaries, at the end so¬ 
mething like a stigma 

10) the stigmas are not pin-formed but composed of 2 or 3 lobes. 
The style is sometimes ramified. 






Fig. 18. 4905/115. Flower with 5 Fig. 19. 4905/81. Flower with 4 

anther rudiments. anther rudiments. 

Genetica XXV 


16 
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Fig. 22. 4904/13. Flower with I 
anther rudiment. 


Fig. 23. 4905/2. Flower with no 
anthers. 
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FiR. 24. 4915/18. Flower with fUiform Fig. 25. 4913/12. Flower with anthers 

anthers and polypetalous corolla. transformed into ovaries. 



Fig. 26. 4913/12. Floww with aathers Fig. 27. 4916/31. Fkwer with a 

transformed into ovaries. ramified style. 
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Fig. 28. 4906/18. A parthenocarpic berry. 
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11) The receptacle grows out; a parthenocarpic pseudoberry is form¬ 
ed. Style and stigma remain on the top of this berry. Sometimes 
more ovaries in one flower. 

Some of the above mentioned abnormities may be combined. 
There is no correlation between these abnormities and poor growth 
in plants. Frequently vigorously growing plants have abnormal flowers. 

By cytological investigation it was found that there were no irregu¬ 
larities in the meiosis, at least when they were producing PMC's. I 
always found the diploid number of 2n = 24. 

The following schedule gives an idea about the number of plants 
with abnormal flowers: 


Types of abnormal flowers 


number 
0 / the 
(ulture 

1 

2 

1 ^ 

4 

i 

5 

6 

7' 

j 

1 ^ 

9 

10 ! 

1 

1 

l+7l3^■7'3+lo|4^ loj6+10|7+lo|64 ll' 

1 1 1 1 1 1 

|8+11 

4+10+11 

abnormal 

flowers 

normal 

flowers 

total 

4904 

li 

4 

2 

i 

2 

4 

1 


1 

1 



1 

1 








18 

66 

84 

4905 

3 

6 

3 

1 

4 

3 



1 

1 


I 



1 


1 




25 

73 

98 

4906 

2 

2 

1 



2 

2 





1 




1 


1 

1 


12 

31 

43 

4907 




1 










1 







2 

16 

18 

4908 



3 

2 

3 


1 






2 







1 

12 

56 

68 

Total 1 

6 

12 

"9 

6 

11 

6 

3 


2 

1 


2 I 

3 

1 

2 

1 

I 

1 

1 

1 

69 

242 

311 


Dark heart of the leaves 

One typical character of Solamm rybinii is that the young leaves 
are very dark, which I should like to call ‘*dark heart of the leaves". 
This is perhaps an accumulation of anthocyanin. I did not observe it 
in the Fj. In the F 2 there was a segregation in plants with and without 
"dark heart of the leaves". The following numbers were found: 


number of the 

dark heart of 

normal 

culture 

the leaves 

4904 

15 

69 

4905 

21 

77 

4906 

6 

37 

4907 

1 

17 

4908 

22 ' 

46 

Total 

65 

246 

Theor. 

77.73 

233.27 

m = 7.64 

D = 12.75 

D 

-=1.66 


m 
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It is probable that ''dark heart of the leaves’* is caused by one 
D 

recessive gene, though — is rather large, 
m 

Solamm rybinii x Solanum ccddasii 

The motherplant Solanum rybinii was a sister plant of Solanum 
rybinii of the above mentioned crossing; its flowers were dark pink. 

Solanum caldasii is like Solanum chacoense, white flowering with 
stellate corolla. The Fi was composed of 10 plants. Four died, the 
other 6 plants were flowering purple. It seems probable that Solanum 
rybinii has been homozygous for coloration of flowers. The shape of 
the corolla was for the most part like S. rybinii, Selfings and crossings 
between Fi plants failed, so that I did not obtain an F 2 . 

The following crossings, made by Dr Toxopeus, all failed: 


FjsX (KoopmansBlauwe) .... 20 

Fi X S. demissum . 66 

Fi X S, antipoviczii . 17 

Fi X S, polyadenium . 18 

Fi X S. acaule . 6 


At the end of the summer the plants were bearing many berries, it 

being probable that these 
resulted from crossings 
between Fi plants. 

The meiosis of the Fi 
plants was completely re¬ 
gular. 

Solamm rybinii x Solanum 
commersonii (2a = 24) 

The motherplant Solanum 
rybinii (fig. 30) was again a 
sister plant of the S. rybinii 
plants of the above men¬ 
tioned crossings. This one 
was flowering dark pink. 



Fig. 30. Flower of S. rybinii. 
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SoUinum comtnmonii (fig. 31) is white flowering with stellate corolla. 
The Fi (fig. 32, number of the culture was 4803) was very homo¬ 
geneous. The general habit vras more like SoUmum rybinii, but the 



Fig. 31, Flower oi S. commefsonii. Fig. 32. Flower of 5. rybinii 

commersonii Fi. 


plants were more tenuous. The shape of the corolla was nearly like 
5. rybinii. The flower colour was different, purple and white flowering 
plants occurred. Six plants from the 10 Fi plants were flowering purple 
and 4 white. 

The number of pairs of leaflets was 4. The meiosis was just like 
that of the parent plants, completely regular. Sellings failed, but 
crossings between Fi plants succeeded partly. The following crossings 
were made: 



no. of crossings 

no. of berries 

4803/2 X 4803/8 . .. 

14 

3 

4803/7 X 4803/10 . 

? 

2 

4803/2 X 4803/10 . 

17 . 

7 

4803/8 X 4803/2 . 

9 

— 

4803/8 X 4803/10 . 

10 

— 
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Different crossings made by Dr Toxopeus with the F i as mother- 


plant, all failed; 



no. of crossings 

no. of berries 

Fi X S, tuberosum (Koopmans 

Blauwe) 

18 


Fi X S. demissum (4834). 

31 

— 

Fi X S. demissum (4835). 

14 

— 

Fi X 5. antipoviczii . 

32 

— 

Fi X S. acaule . 

13 

— 


The Ft plants also bore many berries at the end of the summer; 
these must have resulted from crossings between Fi plants. 


The Fj in 1949 was composed of the following numbers: 


4913— 4803/2 X 4803/8 

4914— 4803/2 x 4803/8 

4915— 4803/2 X 4803/8 

4916— 4803/7 x 4803/10 

4917— 4803/7 X 4803/10 

4918— 4803/2 X 4803/10 


4919— 4803/2 x 4803/10 

4920— 4803/2 X 4803/10 

4921— 4803/2 X 4803/10 

4922— 4803/2 X 4803/10 

4923— 4803/2 X 4803/10 

4924— 4803/2 X 4803/10 


The following table shows the germinative power of the seed: 


number of the culture 

number of seeds 

number of young 
seedlings 

number of flow¬ 
ering plants 

4913 

96 

85 

72 

4914 

103 

77 

62 

4915 

89 

49 

43 

4916 

95 

68 

56 

4917 

61 

43 

34 

4918 

70 

36 

• 26 

4919 

? 

46 

31 


47 

25 

20 

4921 

56 

40 

33 


26 

14 

9 


59 

55 

44 

4924 

50 

49 

33 

Total without 

4919 

752 

541 

432 



















SOLANUM TUBEROSUM L. AND SOME OF ITS RELATIVES 249 


Just like the Fj of the crossing S. ryb. X S. chacoense, many plants 
died in a young stage. This F 2 was also very heterogeneous. Vigor¬ 
ously growing plants and dwarf plants occurred. 

1st. The progeny of 4803/2 x 4803/8 
This Fj is composed of the numbers 4913, 4914 and 4915. 

Both parent plants were white flowering. In the F 2 not only white 
flowering plants occurred, but in one culture purple flowering 
plants were also found. 


no. of the culture 

Flower 

colour 

white 

i 

coloured 

4913 

49 

23 

4914 

62 

— 

4915 

43 

— 


It was to be expected that there should be only white flowering 
plants. It is perhaps possible to explain the coloured ones in no. 4913 
by supposing that insects had brought pollen of purple flowering plants 
on the stigma of already pollinated plants of 4803/2. At the time the 
crossings were made, the plants were not bearing berries. It is for 
that reason that the pollinated stigmas have not been wrapped, the 
flowers only being emasculated. At the end of the summer it appeared 
that berries were formed spontaneously. These must have resulted 
from crossings between Ft plants, because all sellings and crossings 
with other Solamm species failed or gave a poor result (see preceding 
tables). 

According to my opinion the two Fi plants 4803/2 and 4803/8 must 
have been homozygous recessive for the basic factor for anthocyanin 

pp. 


2nd. The progeny of the crossing 4803/7 x 4803/10 
4803/7 is purple flowering, 4803/10 is white flowering. This F 2 
(composed of the numbers 4916 and 4917) was purple and white 
flowering. See under-mentioned table: 
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number of the 

Flower 

colour 

culture 

white 

coloured 

4916 

25 

31 

4917 

17 

17 

Total 

42 

48 

Theor. 

45 

45 


in = 4.74 0 = 3 ? = 0.63 
m 


This segregation can be explained in the same way as in the 
crossing Solatium rybinii x Solatium chacoense. 

3rd. The progeny of the crossing 4803/2 x 4803/10, composed of the 
cultures 4918, 4919, 4920, 4921, 4922, 4923 and 4924. 4803/2 was 
white flowering, 4803/10 was purple flowering. In the Fj I obtained 
the following segregation: 


number of the 

Flower 

colour 

culture 

white 

coloured 

4918 

15 

11 

4919 

15 

16 

4920 

13 

7 

4921 

15 

18 

4922 

7 

2 

4923 

25 

19 

4924 

18 

15 

Total 

108 

88 

Theor. 

98 

98 


m = 7 D = 10 = 1.43 

m 


This segregation may also be explained by supposing that 4803/2 
has been pp and 4803/10 Pp. 
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Shape of the corolla 

Just as in the crossing Solanum rybinii x 5. chacoense, many 
intermediate t 3 ^s occurred. Besides, there were found smaller ones 
than the flowers of parent t 3 rpes and these were often deformed, 
sometimes poljrpetalous. I obtained the following numbers: 


number of the 
culture 

type of the corolla 

comm. 

ryb. 

in term. 

small 

total 

i 

4913 

6 

5 

44 

17 

72 

4914 

22 

2 

21 

16 

61 

4915 

15 

1 

20 

7 

43 

4916 

19 

— 

27 

10 

56 

4917 

8 

1 

16 

9 

34 

4918 

5 

— 

12 

9 

26 

4919 

3 

2 

17 

8 

30 


3 

1 

6 

10 

20 

4921 

7 

1 

20 

5 

33 


1 

— 

4 

2 

7 


8 

3 

16 

16 

43 

4924 

3 

3 

19 

7 

32 

Total 

100 

19 

222 

116 

457 


Shape of the leaves 

Solanum commersonii has, just like Solanum chacoense, composed 
leaves with 4 pairs of leaflets. The top leaflet is as large as the lateral 
leaflets. The leaf surface is smooth. Solanum rybinii has composed 
leaves with 2 or 3 pairs of leaflets, whereas the top leaflet is larger 
than the lateral leaflets decreasing in size from the top. The leaf 
surface is wrinkled. The Fi has 4 pair of leaves. In the Fj I found the 
following: 
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number of the 

culture 

number of pair of leaves 

2 or 3 

3 

3 or 4 

i ‘ i 

4 or 5 

5 or 6 

4913 

4 

7 

33 

11 

16 

3 

4914 

4 

2 

23 

28 

8 

— 

4915 

6 

6 

19 

9 


— 

4916 

11 

10 

15 

14 


— 

4917 


10 

12 

7 


— 

4918 


6 

7 

5 


— 

4919 


13 

12 

0 


— 

4920 


5 

7 

7 

1 

1 

4921 


7 

7 

9 

2 

— 

4922 


3 

3 

2 

2 

— 

4923 


9 

12 

14 

4 

1 

4924 

^^9 

12 

6 

9 

2 

— 

Total 

66 

90 

156 

125 

55 

5 


number of the 
culture 

Topleafl. 
lateral leafl. 

Top leafl. >• 
lateral leafl. 

Leaf surface 

~ ryb. j ~ comm. 


62 

12 

66 

8 

4914 

59 

6 

64 

1 

4915 

43 

4 

46 

1 

4916 

56 

5 

58 

3 


30 

7 

37 

— 

4918 

21 

4 

25 

— 

4919 

38 

3 

41 

— 

4920 

21 

1 

A 

-r— 

4921 

30 

6 

35 

1 

4922 

9 

2 

11 

— 

4923 

41 

4 

42 

3 

4924 

29 

4 

33 

— 

Total 

439 

58 

480 

17 


Abnormal flowers. 

Just like the F2 of the crossing Solanum rybinii x S. chacoense, 
there occurred in the F2 of the crossing 5 . rybinii x S. commersonii a 
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Fig. 35. 4923/37. Flower without ovary 
nor anthers. 
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number of plants with abnormal flowers. Besides the above mentioned 
abnormities (page 240-245) the following were to be met with (fig. 33-<}5) 

12 The corolla leaves are at the margin sometimes changing into 

,iuither-like structures. > . 

13 The style is reduced. The stigma is close on the ovary, 

14 The ovary is transformed into one or more anthers. 

15 There is no ovary or the ovary is reduced. 

I obtained the following numbers in the F 2 : , 


Types of abnormal flowers 


number of 
the culture 

1 

2 

, 

3 

4 

S 

6 

7 

8 

' 

To 

11 

12 

13 

14 

IS 

H7 

1-flO 

1 + 14 

3+10 

3+11 

3+]^ 

3+14 

3+15 

4913 

3 

2 

5 

5 

2 

7 

1 


1 















4914 


3 

3 


4 

4 

1 


1 





1 


1 



1 





4915 

3 


1 


2 

3 


1 





1 











4916 

1 

3 


3 


1 

1 



1 




5 




1 






4917 


2 




2 




2 


1 


2 

1 









4918 



2 







1 



1 

2 



1 







4919 

1 

1 


1 

2 

1 








1 

2 

1 

1 

1 



1 


1 

4920 


li 

.1 


1 

2 



1 

2 








1 



1 

1 


4921 







1 



2 



1 

3 


1 




1 


1 


4922 



2 





















4923 

2 

3 

1 


2 

2 




2 




1 





1 





4924 

2 

2 


1 


2 



1 

2 


1 


2 










Total 

12 

17 

15 

m 

13 

24 

r; 

1 

4 

12 


2 

3 

17 

3 

3 

2 

2 

2 

1 

2 

2 

1 


number of 
the culture 

H 

5 f 10 

— 

s+u 

s+is 

6+10 

6H 13 

6+15 

7+10 

7+U 

9+15 

Total 

abnormal^ 

normals 

Total 

4913 











26 

46 

72 

4914 










1 

20 

41 

61 

49IS 








1 

1 


13 

30 

43 

4916 


1 









17 

39 

56 

4917 


1 


1 







12 

22 

34 

4918 




1 





1 

1 

10 

16 

26 

4919 

‘1 










15 

15 

30 

4920 




1 

1 

1 





13 

7 

20 

4921 



1 

2 







13 

20 

83 

4922 










1 

3 

i 5 

8 

4923 







1 




15 

29 

44 

4924 





1 





1 

IS 

17 

32 

Total 

1 

2 

1 

5 

2 

1 

1 

1 

2 

4 

172 

287 

459 


Dark heart of the leaves 

The “dark heart of the leaves" which often occurred in the F 2 of 
the crossing S. rybinii x S. chacoense, was observed in this F 2 only 
in a few plants. See the following table: 
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no. of the culture 

dark heart 

normal 

total 

4913 

4 

70 

74 

4914 

2 

63 

65 

4915 

2 

45 

47 

4916 

3 

58 

61 

4917 

— 

37 

37 

4918 

— 

25 

25 

4919 

1 

40 

41 

4920 

— 

22 

22 

4921 

— 

36 

36 

4922 

— 

11 

11 

4923 

1 

44. 

45 

4924 

— 

33 

33 

Total 

13 

484 

497 


As well as in the F2 of the crossing S, ryhinii x S. chacoense as in 
the F2 of the crossing S. rybinii x S. commersonn, there occurred 
very small plants, '‘dwarfplants’'. 


Fa 5. ryb. 

X 5. cbac. 

Fa S. ryb, y 

S. comm. 

no of the culture 

no of dwarf plants 

no of the culture 

no of dwarf plants 

4904 

1 


1 

4905 

3 


,2 

4906 

3 

4915 

2 

4907^ 

2 

4916 

— 

4908 

1 

4917 

1 

Total 

10 

4918 

— 

Total number, of 

4919 

— 

Fa plants 311 

4920 

— 



4921 

— 



4922 

i 



4923 • 

'2 



4924 

— 



Total 

8 



Total number of 



Fa plants 497 
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As already mentioned there were no meiotical irregularities in the 
Fi. I investigated several F 2 plants, but all of these plants had a 
regular meiosis. These last mentioned '"dwarf plants’" also had a 
chromosome number of 2n = 24, without any irregularities. 

2 . Crosses between diploid and tetraploid species 

The following crossings succeeded: 

5. tuberosum "Voran” (2n = 48) x S. rybinii (2n = 24) 

S. phureja (2n = 24) x 5. acaule {2n = 48) 

5. antipoviczii (2n = 48) x 5. chacoense (2n = 24) 

S. antipoviczii (2n = 48) x S. phureja (2n = 24) 

S. antipoviczii (2n = 48) x S. rybinii (2n = 24) 

S, antipoviczii (2n = 48) X 5. commersonii (2n = 24). 

S. tuberosum (Voran) X S. rybinii 

This crossing resulted in one berry with 8 seeds, from which 4 
young seedlings were obtained. One of these plants died, so there 
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remained 3 plants. The motherplant "Voran" is a white flowering 
cultivated potato and the fatherplant S. ryhinii is the same as the 
motherplant of the crossing S. rybinii x S. commersonii. This one was 
flowering dark pink. Two Fi plants were flowering, the flower colour 
was white. The habit of these plants was the same as that of the 
cultivated potato. Because of that I thought I had to do with the 
progeny of a selfing of Voran. By digging up the tubers in autumn 
it appeared that the tubers were intermediate between the parent 
ones (fig. 36). After cytological investigation it transpired that these 
plants had 36 chromosomes, so they certainly were hybrids between 
Voran and S. rybinii (fig. 37). 



Fig. 37. Metaphase plate of a roottip of 5. tuberosum x 
S, rybinii Fi. 

Meiosis 

Preparations made of the anthers had but a few stages which 
could be counted. The following was found: 

No. of units in Mi.17 18 19 

Freq. (total 12). 2 9 1 

Genetica XXV 
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The number of chromosomes in late anaphase plates was the 
following: 

No. of chrom. 

Freq. (total 6) 

In the second metaphase plates: 

No. of chrom. 17 18 19 

Freq. (total 5) . 2 3 

The first anaphase is rather regular. Several anaphases do not have 
lagging chromosomes. I observed only a few anaphases with one or 
two lagging chromosomes. Notwithstanding this nearly regular 
meiosis, the Fi was completely sterile. 


17 18 19 

3 1 2 


Fig. 38. S. phureja x S. acaule F|. 

5. phureja x 5. acaule 

The Fi (fig. 38) was composed of 10 plants, which were all very 
homogeneous. The plants were collected into a rosette but were more 
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vigorous than 5. acaule. The flower colour and shape were intermedi¬ 
ate. S. phureja has rather large dark purple flowers. 

5. acaule has small purple flowers. The flower colour of the F] was 
darker than that of 5. acaule. By cytological investigation of the 
roottips 36 chromosomes were found. The plants were sterile, so no 
progeny was obtained. 

Meiosis, In the first metaphase the following numbers of units 
could be counted: 

number of units:. 13 14 15 16 17 18 19 20 

frequency: (total 33). 2 1 1 4 1110 1 3 

It is generally not possible to determine if these are bivalents or 
univalents. 

At side view of the first metaphase plate I found the following 
numbers of univalents: 


number of univalents 
on each side of the 
metaphase plate 

total number 

j 

number of Mi 
plates at side 
view 

1 + 0 

1 

1 

1 +1 

2 

2 

2 + 0 

2 

3 

1 +2 

3 i 

5 

1 -f- 3 

4 

4 

2 + 2 

4 

7 

1+4 

5 

1 

2 + 3 

5 

10 

1+5 

6 

5 

2 4 

6 

4 

3 + 3 

6 

2 

— 

7 

— 

2 + 6 

8 

3 

3 + 5 

8 

1 

4 + 4 

8 

2 

Tt»tal50 
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In all preparations one or more univalents occurred; the largest 
number that I have found is 8. At least 28 chromosomes have been 
paired, so there must be at least 14 bivalents and at most 17. This 
agrees with the data of the second metaphase: 

number of chromosomes in Mil; ... 12 13 14 15 16 17 18 19 20 
frequency: (total 35). 1 14 8 5 6 6 2 2 

The large number 19 and 20 can be explained by supposing that 
the disjunction of the univalents is at random (see table page 259) 
by which it is possible that, for instance, 14 + 6 chromosomes are 



Fig. 39. Pollen picture of 5. phureja x 
S. acaule Fi. 


grouped together. The pollen is very bad. Only a few good |x>llen 
grains can be found (fig. 39). 



Fig 40. 5. antipoviczii x 5. chacoense F|. 


various characters. They were 
exhibiting a striking heterosis. 
The shape of the corolla was 
intermediate; the colour was 
white, sometimes a little bit 
bluish transparant as is the 
parent plant S. antipoviczii. 
They were completely sterile. 
The somatic chromosome num¬ 
ber is 36. The first metaphase 
of the meiosis was somewhat 
irregular, I counted a divergent 
number of units, varying from 
14 to 20. 



Fig. 41. Mil of 5. antipoviczii x 5. 
chacoense, (18+17+1 chromosomes). 
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No. of units in Mi . . . 14 15 16 17 16 19 20 

Freq. (total 31) . ... 2 2 3 6 10 6 2 

It is very difficult to determine if these units are bivalents or uni¬ 
valents. Probably the numbers 18,19 and 20 contain a few univalents. 

No. of univalents at side view ofMj ...01 2 3 4 5 678 

Frequency: (total 113). 1 7 18 17 33 11 19 6 1 

In most cases 15, 16 or 17 chromosomes are paired, the remaining 
chromosomes are lying outside the metaphase plate, their disjunction 
is at random, sometimes they remain in the plasm, giving rise to 
micronuclei. In the second metaphase (fig. 41) the following numbers 
were found: 

No. of chrom. in Mu. 12 13 14 15 16 17 18 19 20 21 

Fieq. (total 63).1 3 3 8 12 17 13 3 2 I 


The following Mu plates have arisen from one Mi plate: 


No. of chromosomes in the second 
metaphase plate 

No. of chrom. 
in the plasm 

Total 

13+ 14 

4 

31 

14+ 16 

2 

32 

13+ 18 

3 

34 

(14 or 15)+ 18 or 19 

2 

34, 35 or 36 

12+ 15 

8 

35 

15 + 17 

3 

35 

16+ 18 

1 

35 

(17 or 18)+18 


35 or 36 

15+16 

5 

36 

15+17 

4 

34 

16+17 

3 

36 

16+ 18 

2 

36 

16+ 18 

2 

36 

16+ 18 

2 

36 

17 + 17 

2 

36' 

17 + 18 

1 

36 

17 + 19 


36 

17 +(18 or 19) 

1 

36 or 37 

15 + 17 

2 

37 

17 + 18 

2 

37 
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The second anaphase has a very regular appearance. Pollen occurs 
with 18 chromosomes, but nevertheless it seems to be sterile. The 
pollen is very bad. According to statements by Toxopeus (1947), 
0.5% viable pollen should be present. He obtained a small number 
of little berries without seeds. In 1948 my plants bore no berries. 
However towards the end of the summer I got one berry, containing 
4 seeds: 3 of these 4 seeds germinated in 1949. The habit of these 
plants (fig. 42) was rather different from that of the Fi plant of 1948. 



Fig. 42. 5. antipochacoense. 


They were shorter, height ± 30 cm, (parent plants ± 50 cm or more), 
compact. The leaves were wider and shorter. The plants flowered 
abundantly, the pollen was much better than that of the parent 
Fi-plants (fig. 43-46). About 50% viable pollen. The plants were forming 
berries, but most of them dropped very early or did not contain seeds. 
From plant no 2 I got 5 seeds, from plant no 3, 3 seeds. The somatic 
chromosome number of no. 2 and no. 3 is about 72. So we have to 
deal here with a case of spontaneous doubling of chromosomes. 
From all these plants anthers were fixed. 

No. 1 did not contain any good stage; no. 2 was just like the parent 
Fi-plant and no. 3 was different. The following numbers were found 
(fig. 47 and 48): 
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Fig. 43. Pollenpicture of S. antipovictii. Fig. 44. Pollenpicture of S. chacoeme. 



Fig. 46. Pollenpicture of 5. antipoviczii x 

• 

Fig. 46. Pollenpicture of 5. antipo^ 

5. chacoense F], 

chacoense. 

No. of units in first metaphase . . . 

27 30 32 33 35 37 39 

frequency (total 13). 

1 13 13 2 1 

By investigating the side view of the metaphase plate the following 
numbers of univalents were found: 

Nc). of univalents. 

.345 6 789 10 

frequency (total 55). 

. 1 6 8 19 10 7 3 1 
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Fig. 47. Ml of S. antipoehacoense Fig. 48. Mn of S. anlipochacoense with 38 
with 37 units. chromosomes. 


The second metaphase gave the following results: 

No. of chromosomes in Mn • . • . 29 31 33 34 35 36 37 38 39 40 
frequency (total 51). 227 68105452 

The numbers 37, 38, 39 and 40 in the second metaphase are quite 
possible because the disjunction of the univalents is at random, and 
sometimes they are dividing. 

The second anaphase is regular. 5. artificiale (2n = 72) obtained 
by Toxopeus (1947) by treating S. aniipoviczii x 5. chacoense vnth 
colchicine is fertile and produces plenty of seed. There is therefore a 
difference between the artificially and the spontaneously doubled 
plants in this cross. Because of that I propose to call this one 5. 
antipoehacoense. 

S. aniipoviczii x S. phureja 

The Ft (fig. 49) was composed of 10 plants. Most characters like 
leafshape, shape of the corolla, colour of the corolla were intermediate. 
The general habit too was intermediate, but a striking heterosis 
occurred. The flower colour was purple; the motherplant (S. anti- 
poviezU) was flowering white, the fatherplant (S. phureja) was flower¬ 
ing dark purple. 

The somatical chromosome number was 36. The plants were 
completely sterile. The meiosis was irregular. In the first metaphase I 
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counted numbers of 16, 17, 18 and 19 units, but here again it was 
impossible to determine them as bivalents or univalents. 

No. of units in Mi .16 17 18 19 

frequency (total IS). 1 4 6 4 

The following number of univalents was counted by investigating 
side views of the first metaphase plate. 

No. of univalents at side view of Mi ... 2 3 4 5 6 

frequency (total 21). 2 7 6 4 2 

The most frequent were 3 and 4. It is therefore most likely that 15 
or 16 bivalents often occur. 

The number of chromosomes in the second metaphase plates was 
the following: 

No. of chromosomes in Mil . • 13 14 15 16 17 18 

frequency (total 24) .... 6 2 4 7 3 2 

The second anaphase is very regular. The pollen is very bad, only a 
few viable pollen grains occur. 

Part of the seeds obtained by crossing 5. antipoviczii x 5. phureja 
were treated with a 0.1% colchicine solution by which I got a few 





Fig. 49. S. antipoviczii x 5. phureja Fi. 


Fig. 50. 5. antipophureja. 





Fig. 51, Offspring of S. antipophureja. 



Fig. 52. Pollen picture of S. antipoviczii x Fig. 53. Pollen picture of S. antipophureja. 
S. phureja Fi. 


•4 
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plants with a doubled set of chromosomes. The plants (fig. 50-51) 
were more vigorous but not so tall, with broad leaves; they were 
fertile and bore many berries. The pollen was rather good (figs 52-53). 
The somatic chromosome number was 72 (fig. 54). The meiosis was a 
little irregular. In the first metaphase the following number of units 
was counted: 

No, of units in the first metaph. . . 29 31 32 33 34 35 36 

frequency (total 11) . 1 1 2 2 2 1 2 



Fig. 54. Metaphase plate of a roottip Fig. 55. Mu of S, antipophureja with 
of 5. antipophureja. 34 chromosomes. 


The number of univalents in a side view of the first metaphase was 
the following: 

No. of univalents at side view of Mi ... . 0 1 2 3 4 5 

frequency (total 53).11 12 15 7 7 I 

In the second metaphase (fig. 55) the following was found; 

No. of chromosomes in Mil . .. 27 30 31 32 33 34 35 36 
frequency (total 26) . 1 1534822 


The progeny of 2 of these plants was studied in 1949; No. 4963 was 
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composed of 32 plants. The plants were vigorous, rather homogeneous 
vdth little variability. The flower colour was purple. They were 
fertile. Contrasted with the parent plants S. antipoviczii and Sol. 
phureja they were bearing large regular shaped tubers. Some of them 
had no stolons, others, on the contrary, had shorter or longer stolons. 
No. 4964 was composed of 17 plants, only 6 of which were flowering. 
The flower colour was dark bluish purple. This group was also very 
homogeneous, but the habit was different from the plants of no. 4963. 
They were fertile and bore many berries. The production of tubers 
was much less than on the plants of no. 4963. 

Considering the fact that the plants of both cultures are very 
homogeneous, that these plants are very fertile, that the meiosis of 
the parent plants 4843/2 and 4843/5 is rather regular, it seems to me 
that these plants might be considered as forming a new species, 
which I should like to be called Solanum antipophureja. This name 
indicates that the plants have arisen from the parents S. antipoviczii 
and S. phureja. The further behaviour of this new species will be 
studied later., 

S. antipoviczii X S. rybinii 

The Fi was composed of 3 plants. The seed did not germinate very 
^^ell, these 3 plants having resulted from 15 seeds. Just like the above 
mentioned crossing the Fi showed a strong heterosis. The flower 
colour was bluish purple. The plants were completely sterile. The 
somatic number of chromosomes was 36. The meiosis was irregular. 
Unfortunately in my preparations only occasionally a good stage 
was present, so that I could count only a few metaphase plates. For 
the greater part the preparation contained anaphase stages, which 
were very irregular. I obtained the following results: 

No. of units in the first metaphase ... 12 13 14 15 16 17 18 19 
frequency (total 16) . 1314 322 

No. of univalents at side view of Mi.... 1 2 3 456789 
frequency (total 121).2Q 29 35 18 9 6 2 1 1 

No. of chromosomes in the second 

metaph. plate. 10 11 12 13 14 15 16 17 

frequency (total 21). 1 1 5 3 4 3 2 2 
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The first and the second metaphase plates were mostly still in 
prometaphase, not all of the chromosomes being arranged in an 
equatorial plane. It is possible therefore that the numbers I have 
given above should sometimes be higher. 

S. antipoviczii X S. commersonii 

Only 2 plants resulted from 15 seeds. The somatic number of 
chromosomes was 36. Just like the plants of the above mentioned 
crossing there was much heterosis. The flower colour was white. 
The meiosis (fig. 56-57) was rather regular: 

No. of units in the first metaph. plate ... 13141516171819 

frequency (total 50) . 1 2 5101512 5 



Fig. 56. Mj of 5. antipoviczii x Fig. 57. Mu of 5. antipoviczii x S. 

S. commersonii Fi. commersonii F|. 

No. of univalents at side view of Mi. 0 1 2 3 4 

frequency (total 76) . 34 23 12 6 1 


No. of chromosomes in second 

metaph. plate. 

frequency (total 140) ... . 


13 14 15 16 17 18 19 20 21 
1 4 13 28 39 35 13 6 I 
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The first metaphase plates at side view are rather regular. In most 
cases I observed bivalents. Once I found a trivalent. The two second 
metaphase plates have a joint number of chromosomes of 35 or 36. 
As far as I could count two Mn plates in one cell I found the following: 


No. of chromosomes in 
the Mil plates 

no of chromo¬ 
somes in the 
plasm 

total 

18 + 17 

1 

36 

17 + IS 

2 

34 

17 + 17 

2 

36 

17 + 17 

1 

35 

17 + 16 

2 

35 

15 + 19 

1 

35 

19 + 16 

— 

35 

18 + 18 

— 

36 

17 -f 18 

— 

35 

17 4 17 

2 

36 

18 4- 15 

3 

36 

17 + 17 

— 

34 

17 + 17 

2 

36 

17 4- 16 

— 

33 

15 4- 19 

1 

35 

14 4- 19 

2 

35 

17 4- 19 

— 

36 

18 4- 17 

1 ♦ 

36 

15 4- 17 

— 

32 

18 4-16 

— 

34 

17 4- 18 

1 

36 

19 4-17 

— 

36 


The second anaphase is regular, as contrasted with the first anapha¬ 
se, which is very irregular. The disjunction of the chromosomes is at a 
different point of time, or the rapidity of disjunction is different. 
Nevertheless most of them are coming into the second metaphase 
plate, which is obvious from the number of chromosomes that are 
counted in the second metaphase plate. In spite of this rather regular 
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meiosis by which different gametes with 18 chromosomes must have 
originated, the plants are completely sterile. 

j. Crosses between diploid and hexaploid species 

The following crosses took effect: 

Solanum demissum (2n = 72) x 5. caldasii (2n = 24) 

Solanum demissum (2n = 72) x 5. commersonii (2n = 24) 

Solanum demissum X Solanum caldasii 
Only one berry with one seed resulted from several crosses between 
5. demissum and S. caldasii. The reciprocal cross failed. The habit 
of this Fi-plant was in general intermediate, only the flower colour 
was just like 5. demissum, purple. The number of chromosomes of 
this plant is not known for certain. The plant did not produce tubers 
in the autumn so that it was not possible to investigate roottips. The 
preparation made of the meiosis did not contain right metaphase 
stages. Only prometaphase and interkinesis stages could be counted. 
Whereas these stages are not satisfactory to obtain certainty, the 
under-mentioned numbers are not always exact: 

No. of units in prometaphase . 15 16 17 18 19 20 21 22 


frequency (total 44) . 29788442 

No. of univalents at side view of Mi.0 1 2 3 

frequency (total 8).1 1 5 1 

No. of chromosomes in 

interkinesis.15 16 17 18 19 20 21 22 23 24 25 28 29 

frequency (total 55) .. 1 — 451110745 ^5 1 1 1 


I am under the impression that a rather large number of chromo¬ 
somes has been lost. Theoretically the second metaphase must have 
24 chromosomes. The numbers most frequently occurring are 19, 20 
and 21. It is most striking that there are only rarely chromosomes in 
the plasm. The first anaphase is irregular, lagging chromosomes often 
occur. The second anaphase is rather regular. This plant was fertile 
and gave berries. Seed was sown in 1949. The F 2 was composed of 
small poorly growing plants. Generally the habit of these F 2 plants 
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was more like S. demissum, also the flower colour was just like S, 
demissum» Three plants produced berries with seed. The plants have 
not yet been cytologically investigated. 

5. demissum x 5. commersonii 

Two berries resulted from the crossing S. demissum x 5. commer¬ 
sonii, one berry having 6 seeds and the other 8 seeds. 

No. 4822 was composed of 2 plants coming from the 6 seeds. 

No. 4823 was composed of 3 plants grown from the 8 seeds. 



Fig, 58. S. demissum x 5. commersonii F|. 

The Fi (fig. 58) was intermediate, with a purple corolla. 

The plants were flowering abundantly and were fertile. 

No. 4822 . The preparation of the meiosis contained only a few good 
countable metaphase stages as the following table shows: 

No. of units in Mi . 22 23.24 25 26 27 28 29 33 

frequency (total 19). 2642 11—2 1 

No. of univalents at side view ofMi...3 4 5 6789 

frequency (total 50). 3 10 18 12 5 1 1 

Genetica XXV 18 
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A view of the F 2 of S, dewissutn x S, cojnmersoHii. 
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No. of chromosomes in Mn .... 21 22 23 24 25 26 27 28 29 
frequency (total 12). 3 3 112 — 1 — 1 

In the first anaphase lagging chromosomes and bridge forming 
occurred. 


No. 4823 . Metaphase stages were obtained from the numbers 1 and 3 
of no. 4823. 

Results of no. 1. 

No. of units in M, . 20 22 23 24 25 26 27 28 

frequency (total 19). 1 1 3 5 4 3 1 1 

No. of univalents at side view of Mj. 0 1 2 3 4 5 

frequency (total 54). 9 22 12 4 5 2 

Only 2 second metaphase plates were found containing the numbers 
20 and 22 chromosomes. Besides bivalents, trivalents also occurred 
(figs. 60 and 61) in the first metaphase plates. It was not always 
clear to distinguish but I am quite sure that each metaphase plate 
contained 2 trivalents. Twice a tetravalcnt (fig. 62) was observed. 

The trivalents were of the following type:-and — < 

Results of no. 3; 

Only 3 first metaphase plates could be counted with the numbers 23, 
26 and 29. 

No. of univalents at side view of M|. 4 5 6 7 

frequency (total 11).4 5 1 1 

No. of chromosomes in Mjj ... 18 19 20 21 22 23 24 25 26 32 

frequency (total 49). 1 1 7 8 10 8 6 4 3 1 

Just as in plant no. 1, trivalents often occurred. It is very probable 
that each plant contained 2 trivalents. No. 4822, no. 4823, no. 1 and 
no. 4823 no. 3, all three plants originating from the same cross, 
showed nearly the same pictiue of the meiosis. There is only one 
difference, the number of univalents at side view of the first meta¬ 
phase plate is much smaller in 4623 no. 1 than in the other two plants. 
Taking all these data togetho-, the following result is obtained: 











Fig. 60. Trivalents in the Mi of S. 
demissum x S. commersonii Fj. 


Fig. 61. Tri valent of the — < type in the 
Mt of 5. demissum x 5. commersonii Ft. 



Fig. 62. Tetravalent in the Mi of S. 
demissum x S. commersonii Ft. 


Fig. 63. Mil demissum x 5. 
commersonii Fi. 
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No. of units in Mj. 20 21 22 23 24 25 26 27 28 29 33 

frequency (total 41).1 — 3 10 9 6 5 2 1 3 1 

No. of univalents at side view of Mj ..0 1 23 4 5 6789 
frequency (total 115). 9 22 12 7 19 25 13 6 1 1 












Fig. 64. Pollen picture of 5. deniissum. Fig. 65. Pollen picture of .S. commersontt. 


Fig. 66. Pollen picture of 5. demtssum 
X 5. commersonii Fi. 
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No. of chromosomes 

in Mji.18 19 20 21 22 23 24 25 26 27 28 29 32 

frequency (total 63) . . 1 1 8 11 14 9 7 6 3 1 — 1 1 

The progeny of no. 4822 consisted of small, badly growing plants, 
in general more resembling S. demissum. The flower colour was just 
like 5. demissum. 5 Plants of this F 2 bore berries with seed. 

The progeny of no. 4823/1 was composed of 4 plants. Two of them 
were very small. The other two were vigorous plants, more vigorous 
than the Fi plants and even more vigorous than the parent plants. 
No berries with seed were obtained. 

A mixture of tubers of the numbers 4822 and 4823 were planted 
out in 1949. The pollen of one of these plants was not so bad, ± 50% 
viable pollen was present. 

4 , Crosses between ieiraploids and hexapioids 

One crossing only succeeded viz. S. antipoviczii (2n = 48) x S. 
demissum (2n = 72). 

Seed from the crossing S. demissum (2n = 72) x 5. tuberosum (2n = 
= 48) was obtained from the late Miss Kapenga. 

Solanum antipoviczii x 5. demissum (figs. 67 and 68) 

Two berries resulted from this crossing. The seed was rather bad, 
nevertheless one berry produced 8 flowering plants, the other one 4. 
The hybrid resembled 5. demissum, but was more vigorous and at 
the end of the summer was taller. The flower colour was just like 5 
demissum. About 33% of the pollen was viable. 

a) The progeny of the first berry (no 4817) 

Because there was no formation of tubers in the autumn, the somatic 
chromosome number could not be studied. 

The meiosis of two plants was investigated, 
a) No 4817/1 The following was found: 


No of units in Mj. 21 22 23 24 25 26 27 28 

frequency (total 13) . 1 2 2 5 1 1 — 1 


No. of univalents at side view ofMi..l23 45 678 

frequency (total 40) . 1 3 6 105 11 22 








Fig. 67. 5. afiHpovicHi x S. demissum F|. 


P) No, 4817/6. 

The two preparations I investigated gave a somewhat different result. 
Prep. I: Only 3 first metaphase plates were counted with 24, 28 and 
29 units. 
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Fig. 68. A view of the Fj of 5. antipoviczii x S. demissum. 
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No. of univalents at side view of Mj ... 1 2 3 4 5 6 7 

frequency (total 44).2 II 108922 

No. of chrom. in Mu. 24 25 26 27 28 29 30 31 

frequency (total 31). 1 1 8 9 4 4 3 I 

Prep. II: The following numbers were found in first metaphase plates. 

No. of units in Ml ... 23 24 25 26 27 28 29 30 31 

frequency (total 20) . . . 2 — 4 4 4 2 2 1 1 

No. of univalents at side view of Mj . . . 0 1 2 3 4 5 6 

frequency (total 69). 10 18 15 9 8 8 1 

No. of chromo.somes in Mjj. 24 25 26 27 28 29 30 31 33 

frccuency (total 43). 1 4 5 5 10 8 3 6 1 

As far as both second metaphase plates coming from one P.M.C. 
could be counted the following numbers w’ere found (the data from 
no. 4817/11, 4817/6 (I and II): (See table page 282) 

The plants were fertile. Progenies were obtained from 4 plants. 
The seed germinated rather well (only 16% did not germinate). The 
F 2 was composed of very weak plants, some of them were more like 
S. dentissum, others more resembling S. antipoviezii. A few plants 
were fertile. 

6) The progeny of the second berry (no. 4818). 

The habit of this hybrid was just like no. 4817. The somatic number of 
chromosomes was 60. 

The meiosis was investigated from one plant. 

In the first metaphase the following members were found: 

No. of units in M^ . . 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
frequency (total 29) 253423—33 1- 12 

No. of univalents at side view ofMj... 0 1 2345678 

frequency (total 79). 2 13 20 20 17 5 1 — 1 

No. of chromosomes in Mjj . . 22 23 24 25 26 27 28 29 30 32 34 

frequency (total 47).1 2 4 — 10 11 9 3 5 1 1 

It is probable that not only bivalents occurred in the first meta- 
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number of chromo¬ 
somes in Mix 

number of chro¬ 
mosomes in 
nuclear plasm 

Total 

26-f 27 


53 

27-f-28 

— 

55 

24 + 30 

1 

55 

26-1-29 

1 

56 

27-1-28 

1 

56 

25-1-28 

3 

56 

26 -|“ 26 

4 

56 

27-1-28 

2 

57 

25 + 29 

3 

57 

28 + 29 

1 

58 

27 + 29 

2 

58 

27 + 29 

2 

58 

26 + 29 

3 

58 

27 + 31 

1 

59 

28 + 29 

2 

59 

28 + 28 

3 

59 

24 + 31 

4 

59 

25 + 30 

4 

59 

27 + 31 

2 

60 

28 + 30 

2 

60 

26 + 29 

5 

60 


phase plate but also trivalents. The preparations were not sufficient 
for a final opinion to be reached, but I am under the impression that 
there were a few trivalents, less than in the crossing S. demissim X S. 
commersonii. 

A progeny was obtained from one plant. This F2 was composed of 
small, poorly growing plants, just like the above mentioned F2. 
Three plants were a little vigorous, they were more like S. demissim. 

By comparing the above-mentioned data we see the following: 
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Plant number number of units in Mj 


4817/1 . . , 

4817/6 I. . . 
4817/6 II . . 
4818 . . . . 


21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 
12 2 5 1 1—1 

1 1 1 
2—444221 1 

253423—331 11 


Plant number 


number of univalents at side view of Mi 


4817/1 . 
4817/6 . 
4817/6 II 
4818 . . 


0 1 2345678 

1 3 6 10 5 11 2 2 

2 11 10 8 9 2 2 

10 18 15 9 8 8 1 

2 13 20 20 17 5 1 1 


Plant number number of chromosomes in M n 


4817/1 . . 
4817/6 I . 
4817/6II . 
4818 . . . 


18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 
114235131111 

1 18 9 4 4 3 1 

1 4 5 5 10 8 3 6 1 

12 4 10 11 9 3 5 1 1 


Solanum demissutn x Solanum tuberosum 

In 1947 I obtained seed from this hybrid from the late Miss Kapen- 
GA. This seed was treated with a 0.1 % colchicine solution. The father- 
plant was the commercial variety Record. The motherplant 5. 
demissum came from different sources, so that I started with seed 
from 3 different crosses, nos. 4720,4722 and 4723. It was very easy to 
recognize plants with a doubled set of chromosomes. There was a 
strong difference in habit. No doubled plants occurred in No. 4720. 
No. 4722 had 3 doubled plants: 4722/1, 4722/6 and 4722/9. No. 4723 
had 2 doubled plants: 4723/3 and 4723/8. 

Tubers of these doubled plants were dug up in the autumn and 
planted out in the spring of 1948. As no. 4722/6 gave no tubers at all, 
this plant was already lost in 1947. The tubers from nos. 4722/1, 
4722/9 and 4723/8 produced very poor plants, which very soon died. 

No. 4723/3 was composed of id plants (all tubers from one plant). 
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The plants were compact, vigorous with broad hard leaves. All the 
plants had the same habit, only no. 1 was taller and more vigorous 
than the other plants. Moreover seed was sown from the original 






Fig. 72. Metaphase plate in a roottip of 5. deniissum x 5. ittberosum Fi (4723/3—4). 
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plant no. 4723/3, giving 12 plants (no. 4838). These 12 plants all 
had the same habit, being but a little different from the plants of 
no. 4723/3, which can be explained by their lower chromosome 
number (see table p. 287). They were fertile and produced spontaneoas- 
ly berries with seed. I believe we are allowed to speok here of a new 
species, which I should like to call S. demissorosum, this name showing 
that the species has derived from S. demissum as motherplant and S. 
tuberosum as fatherplant. 



Fig. 73. Metaphase plate in a roottip of 5. demissorosum with 120 chromosomes. 


The plants of no. 4723/3 as well as those of no. 4838 were planted 
out by means of tubers in 1949. The somatical number of chromo¬ 
somes was investigated and the following numbers were found: 
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Plant 

number 

4723/3 
no. 1 

4723/3 
no. 2 

4723/3 
no. 3 

4723/3 
no. 4 

4723/3 
no. 5 

4723/3 
no. 6 

4723/3 
no. 7 

4723/3 
no. 8 

4723/3 
no. 9 

4723/3 
no. 10 

number of 
chromo¬ 
somes 

60 

111 

120 

113 

115 
113 
106 
109 

116 
111 

113 
112 
109 
112 

114 
116 
116 

114 j 

115 
115 
106 
111 
114 
107 
111 

died 

60 

died 

115 

119 
118 

120 
122 
112 

115 
112 

116 
119 

109 

113 

113 
108 
116 
117 

114 
117 
116 
116 

116 

116 

117 
121 

114 
112 

118 

115 

116 
114 

103 
111 
112 
114 
116 
110 
111 
111 
106 

104 
117 

117 

121 

115 
108 

116 

115 
112 

116 
117 
115 

Average [ 

112,45| 

1 

1 1 

116,8 

U3,9 

115,9 

110,5 

115,2 


number of 
chrome* 

sotnes Average of all the plants (nos 1 ^nd 4 excluded) is 113,76 



Fig. 74. Anaphase in a roottip of S. demissorosum. 
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The most remarkable fact is that we find 2 plants with a single set 
of chromosomes viz. no. 4, which resembled completely the other 
plants and no. 1 which showed great differences when compared with 
the other plants by being taller and more vigorous. Differences were 
also found between this plant and the normal hybrid 5. demissum x 
S. tuberosum. It is most probable we are dealing here with a periclinal 
chimera. The tubers produced by this parent plant, no. 4723/3, had 
partly a single set and partly a doubled set of chromosomes. 

The numbers of chromosomes of the plants with a doubled set of 
chromosomes are somewhat diverging. It is possible of course that 
the large number of chromosomes cannot be observed exactly, 
though the metaphase plates are rather good while not so many 
difficulties were met in counting them. 

The chromosome numbers of the seedlings (no. 4838) were as 
follows: 


Plant 

number 




jjjra 



1^ 

■ 





4838 
no. 14 

number of 

106 

107 

117 

110 

112 

107 

107 

105 

109 

101 

113 

111 

chrorao- 

97 

99 

111 

112 

109 

113 

111 

110 

102 

112 

106 

107 

somes 

104 

107 

109 

112 

■ESI 

104 

■TOl 

106 


110 

108 

114 


108 

106 

112 

111 

107 

106 

111 

108 


113 

108 

93 


97 

106 

111 

112 

106 

113 

110 

107 


111 

95 

101 


106 

104 

109 

112 

111 

107 

111 

109 


110 

101 

93 


106 


105 

102 

■^9 

112 

109 

106 


111 

95 

102 


110 


102 

104 

111 

113 

107 

104 


103 

104 

111 


105 


104 

107 

■E3 

116 

107 

109 


109 

108 

104 


106 


103 

108 

109 

116 

107 

106 


111 

97 

102 






106 






105 

101 






112 







96 






111 







93 






mUm 







94 






no 








Average 

104.5 

I04.8| 108.3 

109 

107.47 

110.7 

GO 

o 

107 

105.5| 109.1 

108 

lors”^ 


number of 
chromo¬ 
somes Average chromosome number of all the plants is 106.61 


So there is a mean chromosome loss of 7 chromosomes (113.76- 
106.61), probably because the meiosis is not completely regular 
while univalents do not appear again in the second metaphase plate. 
The data concerning meiosis are too small to give a definite conclusion. 

Meiosis : The inflorescence of the plants of no. 4723/3 has, in general 
only a few buds. In most cases the young buds do not properly burst, 
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they wither and then drop off. That makes it very difficult to obtain 
a good stage. Up till now I have not had satisfactory results. My im¬ 
pression is that meiosis is rather regular. Most metaphase plates were 
seen at side view in a preparation with longitudinal sections. The 
number of univalents outside the metaphase plate was rather small. 
The following numbers were found: 

number of univalents at side view of Mi ... . 0 1 2 3 4 5 6 
frequency (total 79).10 21 17 22 6 2 1 

After the first anaphase a few lagging univalents were observed 



Fig. 75. Mi of S. demissorosum with 52 units. 


Eight first metaphase plates were counted and the following numbers 
were found: 


number of chromosomes 
frequency (total 8) . , , 


52 54 56 57 59 60 
12 12 11 
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It was impossible to determine them as bivalents or univalents. 
Second metaphase plates were not found. 

5 . Solanum tuberosum x S. tuberosum 

Seed of the crossing Bevelander x Flourball and Eigenheimer x 
Flourball was treated in 1947 with a 0.1% colchicine solution, resp. 
the numbers 4732, 4733, 4734 and 4739. 

The plants with a doubled set of chromosomes are compact with 
coarse leaves which are broken very easily. They remain very small 
and flower very badly or even not at all. For convenience sake I 
shall call them plants with C habit. 

no. 4732. The seed was obtained from the crossing Bevelander x 



76. Metaphase plate in a roottip of 5. tuberosum x 5. tuberosum (Bevelan¬ 
der X Flourball), doubled by colchicine. 


Flourball. Twenty plants resulted from 65 treated seeds. Eight 
plants had C-habit, 2 were doubtful, the others appeared normal, 
no. 4733. 122 Seeds from the crossing Bevelander x Flourball were 
treated with a colchicine solution. 68 plants were obtained: 25 showed 
C-habit, 8 were doubtful, the others were normal, 
no. 4734. 110 Plants were obtained from 232 treated seeds of the 


Genetica XXV 


19 
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crossing Eigenheimer x Flourball. 20 plants showed C habit, 3 were 
doubtful, the others were normal. 



Fig. 77. Habit of doubled plants of Bevelander < Flourball. 


no. 4739. 41 plants were obtained from 94 treated seeds of the crossing 
Eigenheimer x Flourball. 18 plants showed C habit, 5 were doubtful, 
the others were normal. Summarizing in the following table I obtained: 


Plant number 

number of 

number of plants 

treated seeds 

with C habit 

doubtful 

1 * normal 

4732 

65 

8 

2 

10 

4733 

122 

25 

8 

35 

4734 

232 

20 

3 

87 

4739 

94 

18 

5 

18 

Total 

513 1 

71 ~| 

18 

150 


In so far as the plants with C habit formed tubers, they were dug 
up in the autumn and planted out in 1948. Tubers from the plants 
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obtained in this way were planted again in p. 291 1949. In 1950 only 
tubers were planted out from plants which showed C habit in 1949. 

The following results w^ere obtained: 

4732/9. In 1948 2 plants with C habit. By cytological investigation 
of the tubers in the beginning of 1949 plates with 96 chromosomes 
were found. In 1949 4 plants with normal appearance. 

4732/13. In 1948 7 plants, all showing C habit. By cytological 
investigation of the tubers they appeared to be tetraploids (48 chromo¬ 
somes). In 1949 12 normal plants. 

4732/23. In 1948 2 plants with a doubtful C habit. By cytological 
investigation they appeared to be tetraploids (48 chrom.). In 1949 2 
normal plants. 

4732/24. In 1948 2 plants with C habit. Only one plant produced 
tubers. This plant was octoploid. In 1949 2 descendants of this plant 
were normal. 

4733/3. In 1948 7 plants had a doubtful C habit. They had an 
unhealthy appearance. By cj^ological investigation it was found that 
no. 6 W’as octoploid, the others tetraploid. The descendants of no. 6 
showed C habit, as did tlie descendants of nos. 2 and 5. The other 
plants were normal. The descendants of nos. 2, 5 and 6 in 1950 had C 
habit. 

4733/15. In 1948 5 plants with C habit. They showed an ailing 
appearance. Only one of these plants formed tubers, and is octoploid. 
In 1949 one plant with C habit did not form tubers. 

4733/21. In 1948 5 plants with C habit. They looked very bad. 
Only one plant formed tubers, and appeared to be octoploid. In 1949 
this one gave 2 plants with C habit. In 1950 one plant with C habit. 

4733/43. In 1948 2 plants wdth C habit, but they have developed 
rather strongly and vigorously. They are tetraploid. In 1949 4 plants: 
la — normal, lb — C habit 2a — C habit, 2b — C habit. The 3 last 
mentioned plants are just like the plants in 1948, very vigorous and 
strong. The descendants of lb and 2a in 1950 have C habit. 

4733/50. In 1948 6 plants with C habit. They looked very vigorous 
and healthy. The tubers of 5 plants were investigated. The result was: 
no. 1 — tetraploid; no. 2 — octoploid; no. 3 — tetraploid; no. 5 — 
tetraploid and no. 6 octoploid. In 1949: la — normal, lb — C habit, 
2a and 2b are small, weak looking plants, C habit is doubtful. 

no. 3, one normal plant. 
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nc. 4 one very badly growing plant with doubtful C habit. 

no. 5a and no. 5b 2 normal plants, very vigorous. 

no. 6a and no. 6b — very small, weak looking plants, with doubtful 
C habit. 

The descendants of no. lb, 2a, 4, and 6a have, in 1950, a doubtful 
C habit. 

4733/57. In 1948 3 plants with C habit. No. 1 was very weak and 
died; no. 2 was very small. No. 3 was somewhat stronger and a 
tetraploid. In 1949 4 plants: 2a — C habit, 2b — C habit, 3a doubtful 
C habit, 3b normal. A descendant of 3a had a C habit in 1950. 

4733/59. In 1948 6 normal plants, nos. 3 and 6 were vigorous, 
but the other 4 plants were very small. All plants were tetraploid. 
The descendants of no. 1, 2, 4 and 5 were, in 1949, small plants with 
a normal appearance. A descendant of la in 1950 was a normal 
plant. 

4733/60. In 1948 5 plants with C habit. Only one plant formed tubers 
This plant was tetraploid. In 1949 2 plants with C habit. 

4733/62. In 1948 7 plants with C habit. They were very small and 
did not flower. Cytological investigation of no. 1 shows that this 
plant is octoploid. In 1949 7 plants with C habit. 

4733/63. In 1948 2 plants with a doubtful C habit. The plants are 
tetraploid. In 1949: la — doubtful C habit; lb — normal, 2a — 
normal, 2b — doubtful C habit. Descendants of la and 2b in 1950 
arc normal. 

4733/67. In 1948 2 plants with a doubtful C habit. The plants arc 
small and do not flower. In 1949 2 small plants, compact habit, half- 
spherical. The inflorescence with only a few buds has no peduncle. C 
habit is doubtful, the leaves seem normal. 2 plants in 1950 have the 
same api>earance. • 

4733/70. In 1948 2 small plants with C habit. No. 2 is octoploid. 
In 1949 4 plants with C habit. Descendants of la and 2a in 1950 have 
a C habit. 

4733/72. In 1948 8 low growing plants with C habit. Nos. 1, 4 and 
5 arc octoploid. In 1949 13 plants, all showing a C habit. Descendants 
of la, 2a and 3a in 1950 have a C habit. 

4733/74. In 1948 10 plants which are looking very healthy and 
vigorous. With exception of the flower buds, they are normal. The 
flower buds are very typical for C habit vix. large anthers, protruding 
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from the bud, so that it gives the impression that the perianth is 
too small (figs 78 and 79). 

Nos. 1, 3, 9 and 10 are tetraploids; no. 4 is octoploid. In 1949 18 
plants: 



Fig. 78. Flower buds of 4733/74. To the left normal ones. 


i 


f 



Fig. 79. Flower buds of 4733/74. To the left normal ones. 

la — normal (flower bud C habit), lb normal (fl. bud C hab.); 
2a — C habit; 2b — C habit; 3a — C habit; 3b — C habit; 4a — C 
habit; 4b — C habit; 5a — normal; 5b — normal; 6a — normal; 
6b — normal; (7 or 8)a — partly C habit; (7 or 8)b — normal; 
9a normal; 9b normal; 10a normal; 10b normal. 

A descendant of no. la has the same habit in 1950. 
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4733/76. In 1948 5 plants with C habit. They are low growing 
plants, not flowering and with leaves which jcllow very early. Four 



Fig. 80. A clone from No. 4733/74 in 1949 showing plants with C habit betw^een 
the other ernes (see text). 


plants did not form tubers. No. 3 is octoploid. Descendants of no. 3 
in 1949 and 1950 have C habit. 

4733/79. In 1948 5 plants with C habit. No. 1 appears to be octo¬ 
ploid. In 1949 8 plants with C habit. 

4733/96. In 1948 5 plants with C habit. Nos. 1, 2, and 3 arc octo¬ 
ploid. Descendants of nos. 1, 2 and 3 in 1949 had C habit. 

4733/100. In 1948 5 normal plants, bearing many berries. They 
are tetraploid. In 1949 normal plants. 

4734/3. In 1948 5 plants, no. 4 has C habit, the other,plants are 
normal. Nos. 1 and 3 are tetraploids. In 1949 8 plants with C habit. 
Descendants of nos. 3a and 4a in 1950 have (' habit. 

4734/6. In 1948 one normal plant. In 1949 2 plants with C habit. 
A descendant of no. la in 1950 has a doubtful C habit. 

4734/12. In 1948 6 plants with C habit. Nos. 2, 3 and 5 are octo¬ 
ploid. In 1949 12 plants with C habit. A de.sccndant of no. 2a in 1950 
has C habit. 

4734/14. In 1948 2 plants with C habit. The}^ are tetraploid. In 
1949* 4 normal pl.^.nt^. 
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4734/18. In 1948 2 plants, no. 1 has C habit, the other one is normal. 
No. 1 is octoploid, no. 2 is tetraploid. Descendants of no. 1 in 1949 
and in 1950 have C habit. Descendants of no. 2 in 1949 are normal. 

4734/20. In 1948 3 plants. No. 1 is normal; no. 2 and no. 3 have C 
habit. All three plants are tetraploid. In 1949 6 normal plants. 

4734/23. In 1948 3 plants. No. 1 and no. 2 are normal, no. 3 has C 
habit. No. 1 and no. 2 did not form tubers. No. 3 appeared to be 
octoploid. Descendants of no. 3 in 1949 and in 1950 have C habit. 

4734/32. In 1948 5 normal plants. Nos. 1, 3 and 5 are tetraploid. 
In 1949 7 normal plants. 

4734/34. In 1948 4 plants. Nos. 1, 2 and 4 have C habit. No. 3 is 
normal. After c 3 ’tological investigation nos. 1, 2 and 4 appeared to be 
octoploid. No. 3 is tetraploid. 

In 1949: la — C habit; lb — C habit 
2a — (' habit; 

3a — normal; 3b — normal 
4a — normal; 4b — C habit 

One tuber, descending from 4b, in 1950 gives a normal plant. 

4734/37. In 1948 3 plants with C habit. They are growing ver\’ 
poorly and do not form tubers. 

4734/39. In 1948 one plant with C habit. In 1949 one plant with 
C habit. In 1950 one plant with C habit. 

4734/51. In 1948 3 plants. No. I is normal, no. 2 and no. 3 have C 
habit; they do not form tubers. Descendants of no. 1 in 1949 are 
normal. 

4734/60. In 1948 2 plants with C habit. Descendants of no. 1 in 
1949 and in 1950 have C habit. 

4734/66. In 1948 3 plants with C habit. No. 1 and no. 3 did not 
produce tubers; no. 2 appeared to be octoploid. De.scendants of no. 2 
in 1949 and in 1950 have C habit. 

4734/76. In 1948 6 plants with C habit. In 1949 8 plants with C 
habit. In 1940 2 plants with C habit. 

4739/1. In 1948 7 plants; no. 7 has C habit. The other plants are 
doubtful. No. 1 and no. 6 are tetraploid. No. 2 and no. 3 are octoploid. 
Descendants of nos. 1, 4, 5 and 6 in 1949 are normal. Descendants of 
nos. 2 and 3 in 1949 and in 1950 have a doubtful C habit. 

4739/8. In 1948 4 plants. No. 1 has C habit. The other plants are 
normal. No. 1 is octoploid and no. 2 is tetraploid. A descendant of 
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no. 1 in 1948 has a doubtful C habit. Descendants of no. 2 are normal. 

4739/31. In 1948 5 plants. No. 2 has C habit. The other plants 
are normal, no. 2 is octoploid. No. 1 and no. 3 are tetraploid. Descend¬ 
ants of no. 2 in 1949 and in 1950 have C habit, the descendants of the 
other plants in 1949 are normal. 

4739/32. In 1948 4 normal plants. They are all tetraploid. In 1949 
lb has a C habit. From the other plants the C habit is doubtful. 
Descendants of lb and 3a in 1950 have C habit. 

4739/37. In 1948 6 plants. No. 1 has C habit. Nij. 4 is very small, 
but it is probable that the plant has C — habit. The other plants have 
a doubtful C habit. No. 1 is octoploid, nos. 2, 3 and 5 are tetraploid. 
In 1949 10 plants. Descendants of no. 1 and no. 5 have C habit. The 
other plants have a doubtful C habit. Descendants of no. 2b and 
no. 5a in 1950 have C habit. 

4739/38. In 1948 4 plants with C habit, nos. 2, 3 and 4 are octo¬ 
ploid. 6 descendants in 1949 have C habit. 

4739/45. In 1948 5 plants. No. 4 has C liabit. The other plants are 
normal; no. 4 is octoploid. The other plants are tetraploid. Descend¬ 
ants of nos. 2, 3 and 4 in 1949 have C habit, the other plants are 
normal. Descendants of nos. 2, 3 and 4 in 1950 have also C habit. 

4739/49. In 1948 4 plants with C habit. No. I and no. 2 are octo¬ 
ploid. In 1949 7 plants with C habit. In 1950 4 plants with C habit. 

4739/54. In 1948 4 plants with C habit ; no. 4 is tetraploid. Des¬ 
cendants of no. 1 in 1949 have C habit. 

4739/58. In 1948 one plant with (’ habit. Descendants in 1949 and 
in 1950 have also C habit. 

4739/64. In 1948 4 plants. No. 2 has a doubtful C habit. The other 
plants are normal. All plants are tetraploid. In 1949 they all are 
normal. 

* 

4739165. In 1948 2 very small and weak plants. It is probable they 
have C habit. Descendants of no. 1 and no. 2 in 1949 and in 1950 
have C habit. 

4739/70. In 1948 3 plants. No. 2 has C habit. The other 2 plants 
are normal. No. 2 is octoploid. No. 1 and no. 3 are tetraploid. Des¬ 
cendants of no. 2 in 1949 and in 1950 have C habit. Descendants of 
no. 1 and no. 3 in 1949 are normal. 

The following table gives a general view of the above mentioned 
data: 



SOLAN UH TUBEROSUM L. AND SOME OF ITS RELATIVES 


297 


Plant 

number 

Habit in I 
1947 j 

Habit in 
1948 

Tetraploid 
or octoploid 

Habit in 
1949 

Habit in 
1950 

4732/9 

C habit 

1 C 

habit 

octopl. 

la 

normal 







lb 

normal 




2 C 

habit 

octopl. 

2a 

normal 







2b 

normal 


4732/13 

C habit 

1 C 

habit 

tetrapl. 

la 

normal 







lb 

normal 




2 C 

habit 

tftrapl. 

2a 

normal 







2b 

normal 




3 C 

habit 

tetrapl. 

3 

normal 




4 C 

habit 

tetrapl. 






5 C 

habit 

tetrapl. 

5a 

normal 







5b 

normal 




6 C 

habit 

tetrapl. 

6a 

normal 






tetrapl 

6b 

normal 




7 C 

habit 

tetrapl. 

7a 

normal 







7b 

normal 


4732/23 

C habit 

1 (' 

habit? 

tetrapl. 

la 

normal 







lb 

normal 




2 C 

habit ? 

tetrapl. 




4732/24 

C habit 

1 C 

habit 

octopl. 

la 

normal 







lb 

normal 




2 C 

habit 





4733,3 

C habit 

1 C 

habit ? 

tetrapl. 

la 

normal 







lb 

normal 




2 C 

habit? 

tetrapl. 

2n 

C habit 

C habit 






2b 

C habit 




3 (' 

habit? 

tetrapl. 






4 c: 

habit ? 

tetrapl. 

4a 

normal 







4b 

normal 




5 C 

habit? 

tetrapl. 

5a 

C habit 

C habit 






tih 

C habit 




c 

habit? 

«>rtopl. 

6a 

C habit 

C habit 






6b 

C habit 


4733,15 

C haliit 

1 c 

habit 







2 C 

habit 

octopl. 

2 

C habit 




3 C 

habit 







4 C 

habit 







5 C 

habit 





4733/21 

C hal)it 

1 C 

habit 







2 C 

habit 







3 C 

habit 







4 C 

habit 

octopl. 

4a 

C habit 

C habit 






4b 

C hab't 




5 C 

habit 





4733/43 

C habit 

1 C 

habit 

tetrapl. 

la 

normal 







lb 

C habit 




2 C 

habit 

tetrapl. 

2a 

C habit 

C habit 






•2b 

C habit 

C habit 

4733/50 

C habit 

1 C 

habit 

tetrapl. 

la 

normal 







lb 

C habit 

C habit? 



2 C 

habit 

octopl. 

2a 

C habit? 

C habit? 






2b 

C habit? 




3 C 

habit 

tetrapl. 

3 

normal 




4 C 

habit 


4 

C habit? 

C habit? 
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Plant 

number 

Habit in 
1947 

Habit in 
1948 

Tetraploid 
or octoploid 

Habit in 
1949 

Habit in 
1950 



5 

C habit 

tetrapl. 

5a 

normal 







5b 

normal 




6 

C habit 

octopl. 

6a 

C habit? 

C habit? 






6b 

C habit? 


4733/57 

C habit 

' 1 

C habit 







2 

C habit 

<K*tOpl. 

2a 

C habit 







2b 

C habit 




3 

C habit 

tetrapl. 

3a 

C habit? 

C habit 






3b 

normal 


4733/59 

C habit 

1 

normal 

tetrapl. 

la 

normal 

normal 






lb 

normal 




2 

nortiia! 

tetrapl. 

2a 

normal 







2b 

normal 




3 

normal 

tetrapl. 






4 

normal 

tetrapl. 

4a 

normal 







4b 

normal 




5 

normal 

tetrapl. 

5a 

normal 







5b 

normal 




6 

normal 

tetrapl. 




4733/60 

C habit 

1 

C habit 







2 

C habit 







3 

C habit 

tetrajd. 

3a 

C habit 







3b 

C habit 




4 

C habit 







5 

C habit 





4733/62 

C habit 

1 

C habit 

octopl. 

la 

C habit 







lb 

C habit 




2 

C habit 

octopl. 

2 

C habit 




3 

C habit 

octopl. 

3a 

C habit 







3b 

C habit 




4 

C habit 







5 

C habit 







6 

C habit 







7 

C habit 

octopl. 

7a 

C habit 







7b 

C habit 


4733/63 

C habit 

1 

C habit? 

tetrapl. 

la 

C habit? 

normal 






lb 

normal 




2 

C habit? 

tetrapl. 

2a 

normal 







2b 

C habit? 

normal 

4733/67 

C habit 

1 

C habit? 

tetrapl. 

1 

C habit? 

• C habit? 



2 

C habit? 

tetrapl. 

2 

C habit? 

C habit? 

4733/70 

C habit 

1 

C habit 

octopl. 

la 

C habit 

C habit 






lb 

C habit 




2 

C habit 

octopl. 

2a 

C habit 

C habit 






2b 

C habit 


4733/72 

C habit 

1 

C habit 

octopl. 

la 

C habit 

C habit 






lb 

C habit 




2 

C habit 


2a 

C habit 

C habit 






2b 

C habit 




3 

C habit 


3a 

C habit 

C habit 






3b 

C habit 




4 

C habit 

octopl. 

4a 

C habit 







4h 

C habit 
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Plant 

Habit in 

Habit in 

Tetraploid 

Habit in 

Habit in 

number 

1947 

1948 

or octoploid 

1949 

1950 



5 C habit 

octopl. 

! 

5a C habit 

5b C habit 




7 C habit 


7 C habit 




8 C habit 


8 C habit 




9 C habit 


9 C habit 


4733/74 

C habit 1 

1 normal 

letrapl. 

la normal 

normal 



(flower bud 


(flower bud 

(flower bud 



C hab.) 


C hab). 
lb normal 
(fl. bud 

C hab). 





C hab). 




2 normal 

octopl. 

2a C habit 




(fl. bud 


2b C habit 




C hab.) 






3 normal 

tctrapl. 

3a C habit 




(fl. bud 


3b C habit 




C hab.) 






4 normal 

octopl. 

4a C habit 




(fl. bud 


4b C habit 


i 


C hab.) 






5 norma! 

tctrapl. 

5a norm, fl. 




( fl. bud 


b. C hab. 




C hab.) 


5b norm. fl. 






b. C hab. 




6 normal 

tctrapl. 

6a norm. fl. 




(fl. bud 


b. C hab. 




C hab.) 


6b norm. fl. 






b.C hab* 




7 normal 


(7 or 8) a 




(fl. bud 


partly C hab. 




C hab.) j 


(7 or 8) b 
norm. fl. b. C i 






hab. 




8 normal 
(fl. bud 






C hab.) 






9 normal 

tctrapl. 

9a norm. fl. 




(fl. bud 


b. C hab. 




C hab.) 


9b norm. fl. 






b. C hab 



! 

10 normal 

tetrapl. 

10a norm. fl. 




(fl. bud 


b. C hab. 




C hab.) 


10b norm. fl. j 






b. C hab. 


4733/76 

C habit 

1 C habit 

2 C habit 

3 C habit 

octopl. 

3a C habit 

3b C habit 




4 C habit 

5 C habit 
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Plant 

Habit in 

Habit ill 

Tetraploid 

Habit in 

Habit in 

number 

1947 

1948 

or octoploirl 

1949 

1950 

4733/79 

C habit 

1 C habit 

octopl. 

la C habit 
lb C habit 




2 C habit 


2a C habit 

2b C habit 




3 C habit 

4 C habit 


4a C habit 

4b C habit 




5 C habit 

or topi. 

5a C habit 

5b C habit 


4733/96 

C habit 

1 C habit 

or topi. 

la C habit 
lb C habit 




2 C habit 

octopl. 

2a C habit 




3 C habit 

octopl. 

3a C habit 

3b C habit 




4 C habit 

5^ C habit 




4733/100 

C habit 

1 normal 


1 a normal 
lb normal 




2 normal 


2a normal 

2b normal 




3 normal 

tetrapl. 

3a normal 

3b normal 




4 normal 


4n normal 

4b normal 




5 normal 




4734/3 

C habit 

1 normal 

tetrapl. 

la C habit 

11) C habit 




2 1101 mal 


2.1 C habit 

2b C habit 




3 normal 

tetrapl. 

3a C habit 

3b C habit 

C habit 



4 C habit 

tetrapl. 

4a C fjabit 

4b C habit 

C habit 



5 normal 

j 



4734.6 

C habit 

1 normal 

tetrapl. 

la C habit 
lb C habit 

C habit? 

4734/12 

C habit 

1 C habit 

octopl 

la C habit 
lb C habit 




2 C habit 

tie topi. 

2a C habit 

2b C habit 

C habit 



3 C habit 

octopl. 

3a C habit 

3b C habit 

C habit 



4 C habit 


4a C habit 

4b C habit 




5 C habit 

octopl. 

5a C habit 

5b C habit 




6 C habit 


6a C habit 

6b C habit 


4734/14 

C habit 

1 C habit 

tetrapl. 

la normal 
lb normal 




2 C habit 

tetrapl. 

la normal 
lb normal 




SOLANUM TUBEROSUM L. AND SOME OF ITS RELATIVES 


Plant 
r umber 

Habit in 
1947 

1 Habit in 
1948 

1 Tetraploid 
or octoploid 

Habit in 
1949 

4734/18 

C habit 

1 C habit 

ortopl. 

la 

C habit 





lb 

C habit 



2 normal 

tctrapl. 

2a 

normal 





2b 

normal 

4734/20 

C habit 

1 normal 

tetrapl. 

la 

normal 





lb 

normal 



2 C habit 

tetrapl. 

2a 

normal 





2b 

normal 



3 C habit 

tctrapl. 

3a 

normal 





3b 

normal 

4734/23 

C habit 

1 normal 






2 normal 






3 C habit 

octopl. 

3a 

C habit 





3b 

C habit 

4734/32 

C habit 

1 normal 

tctrapl. 

la 

normal 





lb 

normal 


1 

2 normal 

octopl. 

2a 

normal 





2b 

normal 



3 normal 

tctrapl. 





4 normal 


4a 

normal 





4b 

normal 


1 

5 normal 

tctrapl. 

5a 

normal 

1 

1 



5b 

normal 

4734/34 1 

C habit 

1 C habit 

octopl. 

la 

C habit 





lb 

C habit 



2 C habit 

octopl. 

2a 

C habit 



3 normal 

tctrapl. 

3a 

normal 





3b 

normal 



4 C habit 

octopl. 

4a 

normal 





4b 

C habit 

4734/37 

C habit 

1 C halnt 

ortopl. 





2 (' habit 






3 t' habit 




4734/39 

C habit 

1 C habit 

octopl. 

1 

C habit 

4734/51 

C habit 

1 norni.il 


la 

normal 





lb 

normal 



2 C habit 






3 C habit 




4734/60 

C habit 

1 C habit 


1 

C habit 


[ 

2 C habit 




4734/66 

C habit 

1 C habit 






2 C habit 

♦ 

5 

? 

C habit 



3 C habit 




4734/76 

C habit 

1 C habit 


la 

C habit 





lb 

C habit 



2 C habit 


2a 

C habit 





2b 

C habit 



3 C habit 


3a 

C habit 





3b 

C habit 



4 C habit 


4a 

C habit 


1 



4b 

C habit 



5 C habit 






6 C habit 
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Habit in 
1950 

C habit 


C habit 


normal 

C habit 

C habit 

C habit 

C habit 
C habit 
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Plant 

Habit in 

Habit in 

Tetraploid 

I Habit in 

number 

1947 

1947 

or octoploid 

I 1949 

4739/1 

C habit 

1 C habit? 

trtrapl. 

la normal 
lb normal 



2 C habit? 

octopl. 

2b C habit? 



3 C habit? 

or topi. 

3a C habit? 
3b C habit? 



4 C habit? 

Irtrapl 

4a normal 

4b normal 



5 C habit? 


5a normal 

5b normal 



6 C habit? 

tctr.ipl. 

6 a normal 

6 b normal 



7 C habit 



4739/8 

C habit 

1 C habit 

ortopl. 

la C habit? 



2 normal 

trtrapl. 

2 a normal 

2 b norma! 



3 normal 

4 normal 



4739/31 

C habit 

1 normal 

telrapJ. 

la normal 
lb normal 



2 C: habit 

octopl. 

2a C habit 

2b C liabit 



3 normal 

tetrapl. 

3a normal 

3b normal 



4 normal 


4a normal 

41) normal 



5 normal 


5a normal 

5b normal 

4739/32 

C habit 

1 normal 

tctrajil. 

la C habit? 
lb C habit 



2 normal 

tPtrapl. 

2a C habit? 
2b C habit? 



3 normal 

tctrapl. 

3a C habit? 
3b C habit? 



4 normal 

trtrapl. 

4a C habit? 
4b C habit? 

4739/37 

C habit 

1 C habit 

octopl. 

la C habit 
lb C habit 



2 C habit? 

trtrapl. 

2a C habit?, 
2b C habit? 



3 C habit? 

tctrapl. 

3a C habit? 
3b C habit? 



4 C habit 


4a C habit? 
4b C habit? 



5 C habit? 

tctrapl. 

5a C habit 

5b C habit 



6 C habit? 



4739/38 

C habit 

1 C habit 

octopl. 

la C habit 
lb C habit 



2 C habit 

octopl. 

2a C habit 

2b C habit 



3 C habit 

octopl. 

3a C habit 

3b C habit 



4 C habit 

octopl. 



I Habit in 
1950 

i_ 

C habit? 
C habit 


C habit 

C habit 

C habit 

C habit 

C habit 

C habit 
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Plant 

number 

Habit in 
1947 

Habit in 
1948 

Tetraploid 
br octopioid 

Habit in 
1949 

Habit in 
1950 

4739/45 

C habit 

1 normal 

tetrapl. 

la 

normal 






lb 

normal 




2 normal 

tetrapl. 

2 

C habit 

C habit 



3 normal 

tetrapl. 

3a 

C habit 

C habit 





3b 

C habit 




4 C habit 

octopl. 

4a 

C habit 

C habit 





4b 

C habit 




5 normal 

tetrapl. 

5a 

normal 






5b 

normal 


4739/49 

C habit 

1 C habit 

octopl. 

la 

C habit 

C habit 





lb 

C habit 




2 C habit 

tictopl. 

2 a 

C habit 

C habit 





2 b 

C habit 




3 C habit 

octopl. 

3a 

C habit 

C habit 





3b 

C habit 




4 C habit 

octopl. 

4 

C habit 

C habit 

4739/54 * 

C ]ial)it 

1 C habit 


la 

C habit 






lb 

C habit 




2 C habit 







3 C habit 







4 C habit 

tetrapl. 




4739/58 

C habit 

1 C habit 


1 

C habit 

C habit 

4739/64 

C habit 

1 normal 

tetrapl. 

la 

normal 






lb 

normal 




2 C habit? 

tetrapl. 

2 a 

normal 






2 b 

normal 




3 normal 

tetrapl. 

3a 

normal 






3b 

normal 




4 normal 

tetrapl. 

4a 

normal 






4b 

normal 


4739/65 

C habit 

1 C habit 


1 

C habit 

C habit 



2 C habit 


2 

C habit 


4739/70 


1 normal 

tetrapl. 

1 

normal 




2 C habit 

octopl. 

2 

C h<abit 

C habit 



3 normal 

tetrapl. 

3 

normal 



DISCUSSION OF RESULTS 
I. Crosses between diploid species 

Notwithstanding the fact that we are dealing here with crosses 
between different species, besides species belonging to different 
groups, meiosis is completely regular. This is in agreement with data 
from literature. As well in crosses between species of the same group 
(Longley & Clark 1930; Rybin 1933), as in crosses between species 
from different groups (Schwarz 1937, Propach 1940, Lamm 1945) a 
regular meiosis has been stated. 
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Choudhuri (1944) does not always find a completely regular 
pairing in the first metaphase, sometimes he finds 11 bivalents and 2 
univalents. It is true the plants are selfsterile, but after intercrossing 
it is possible to obtain a sufficient number of offspring. So I think 
we may suppose that these diploid species have homologous genomes. 
As already mentioned on page 237, in F 2 of S. rybinii x S. chacoense, 
flower colour gives a 1 : 1 segregation in F 2 - The exact numbers are 

D 

164 plants with white and 147 with coloured flowers. With a == 0.96 

m 

we are allowed to suppose that the formation of anthocyanin is 
caused by one pair of alleles. The same was found in tlie cross 5. 
rybinii x S. commersonii (F 2 segregations: 42 : 48, D : m = 0.63 
and 108 : 88, D : m -- 1.43). The segregation of other characters 
ho>\ever cannot be explained in such a simple way; e.g. the occurrence 
of a dark leaf heart. In S. rybinii x 5. chacoense the segregation of 
the cultures 4904, 4905, 4906, 4907 and 4908 can be interpreted by a 


3 : 1 segregation though is rather large (1.66). See the following 

m 

table: 


No. of 
culture* 

1 scsrof»ation dark 
leaf, iiomial 

1 

i Total 

1 

' Theor. 

1 j 

! 

1 

*nal)s. i 

1 

n 

i 

4904 

15 : 69 

84 

! 21 

63 

6 

3.98 

1.51 

4905 

21 : 77 

98 

1 24.5 

73.5 

3.5 

4.29 

0.815 

4906 

6 : 37 

43 

1 10.75 

32.25 

4.75 

2 84 

1.67 

4907 

1-17 1 

18 

1 4.5 

13.5 

3.5 

1.84 

1.9 

4908 

22 : 46 

68 

i '7 

51 

5 

3.57 

1.4 


But considering the results of the F 2 S. rybinii x .S commersonii, 
this explanation is imi.x)ssiblc. Only 13 out of 497 individuals show 
this character. , 

Some authors have assumed that the basic number of the chromo¬ 
somes of the genus Solanum is not 12, but 6. Lawrence (1931»-), 
MOntzing (1933), Ellison (19368*) and Choudhuri (1943) conclude 
this by reason of secondary association, Emme (1936) and Schwarz 
(1937) on the ground of pairing of chromosomes in the first metaphase 
of meiosis. I have come to the same conclusion by pairing behaviour 
of the chromosomes in the first metaphase of different crosses as we 
shall see later. This means that the diploid species are not really 
diploids, but tetraploids and this gives a key to a possible explanation. 
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If these species are tetraploids then they contain four homologous 
sets of chromosomes and the gametes possess two sets. Dark leaf 
heart is a recessive character and does not occur in S. chacoense nor 
in S. commersonii. Supposing that S. ryhinii has been homozygous 
recessive e.g. aaaa, 5. chacoense AAAa and 5. commersonii A AAA, we 
get the following in the cross 5. ryhinii x S. chacoense: 

P aaaa x AAAa 

Gam. aa Aa and A A 

Fi AAaa and Aaaa 

In the ¥2 of Aaaa we have 3 A : 1 a 
,, ,, ,, ,, AAaa ,, ,, 35 A : 1 a (Sirks 1946, p. 283). 

This means that in F 2 we obtain two different segregations. Another 
look at table p. 304 sliows that 4906 and 4907 are striking by the small 
number of recessives, viz. 6 out of 43 and 1 out of 18. It is possible 
that these segregations have arisen from an F| AAaa, the other ones 
of an F| Aaaa. Putting the results of 4904, 4905 and 4908 together, 
the segregation is 58 : 192 (Theor.: 62.5 : 187.5; D - 4.5; m„,,^ ™ 
D 

' - 6.84; - -- 0.66). 
m 

Taking together the results of 4906 and 4907 the segregation is 
7 : 54. Suppo.sing a 1 : 35 segregation, theoretically we should find 

D 

1.69 : 59.31; D ----- 5.31; 7.7; 0.689. 

m 

In tlie cross S. ryhinii x 5>. commersonii we have: 

P aaaa x AAAA 
Gam. aa AA 

Fi AAaa 

The F2 of this Fi gives a 35 : 1 segregation (Sirks 1946, p. 283). 
The results are (see table p. 255) 484 : 13. Theor. 483.2 : 13.8, a 
satisfactory agreement. 

By comparing these two F 2 ’s, it is striking that in the F 2 of 5. 
ryhinii x 5. commersonii the character of 5. commersonii is more 
pronounced than the chacoense character is in the Fa S, ryhinii x 5. 
chacoense. 

This also finds expression in the numbers found for corolla shape 
andleaf shape Asto the corolla shape in the F 2 (see pages 238 and 251). 
S. ryhinii x S. chacoense^ 32 out of 304 plants have the chacoense 


Gcnetica XXV 


20 
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type. In the F 2 5. rybinii x S. commersonii 100 out of 457 plants 
have the commersonii type (resp. 10.53% and 21.88%). A further 
interpretation of this segregation is not possible because classifying 
the plants with small, often deformed or polypetalous flowers is very 
difficult. 

Also concerning the leaf shape, the F 2 of S. rybinii x 5. chacoensc 
has the rybinii type predominating and in the ¥2 S. rybinii x S. 
commersonii the commersonii type (see tables page 240 and 252) predo¬ 
minates. 

In the F 2 of S. rybinii x chacoense the majority show a number 
of leaflets of 3 or less (242 individuals); the remainder (70 plants) 
between 3 and 4. In the F 2 5. rybinii x 5. commersonii however 
156 plants had 3 o^ less pairs of leaflets, 281 between 3 and 4, while 
60 individuals were characterized by a leaflet-number between 
4 and 6 (fig. 81). 

It seems to me probable that the number of leaflets is caused by 
multiple (polymeric) factors while 5. rybinii has more factors in 
common with .S. chacoensc than it has with S. commersonii. By the 
polyploid nature of these plants it is not yet possible to give a suffi¬ 
cient interpretation of the segregation. In conclusion I should like to 
point out that the cytological assumption of basic number of six as 
given by Lawkenck, Muntzing a.o. is strengthened now by my 
genetical data. 

As already mentioned I never found abnormal flowers either in the 
parent plants or in other Solanum species or crosses. Some abnormities 
mentioned in literature are the following: Stout and Clark (1924) 
find parthenocarpy in 14 potato varieties, completely comparable 
with those of my F 2 *s. Salaman (1926) sometimes finds in 5. 

tuberosum flowers with aborted anthers, “the style is twisted_ 

the length of the style is different, this last character controlled by 
genetic factors and constant for any one variety .... The stigma is 
simple or notched .... It frequently happens that the style and 
stigma may project outside the confine of the unopened bud. The 
condition may be found on every flower of a plant and it would 
appear at least in some cases to be due to pathological conditions. 
However that may be, such stigmata ripen too early to be fertilized 
by their own pollen and not uncommonly they are destroyed by insects 
before the bud opens fully.” 



r2 VAN SOLANUM RVBiNtlX SOLANUM COMMERSONII 



2AS 3 3A4 4 4AS A SA4 

Fig. 81. Curv^'e of the number of leaflets of the F 2 ’s S. ryhimi y S. chacoense and 5. rybtnit 
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Bayliss (1933-34, p. 129): “In a number of the investigated 
varieties, a tendency to form supplementary sporangia by the in¬ 
growing of vegetative tissue into the cavity of the anther is observed. 
This is especially manifested in the varieties “Lotos” and “Raven- 
stein”. Adventitious sporangia in these varieties recall f)vules; and 
several of them actually have only one archesporial cell each like real 
ovules of 5. tuberosum. Other phenomena were alscj observed among 
the ordinary pollen mother cells namely. Some giant cells were found 
in the synapsis and spireme stages, that recalled megaspore mother 
cells, rather than microspores.” 

Ellison (1936) speaking about morphological abnormalities of the 
anthers, says: “The most striking is the development of ovular 
tissue, showing a marked degree of differentiation and in one instance 
the reduction division was seen to be taken place in the developing 
ovule, lormed from the outer tissue of the inner lobes of the anthers.” 

Choudhuri (1944) in Ins studies about wild and native cultivated 
diploid species remarks: “It should be noted that cases of false fruiting 
— the production of fully developed fruits containing no developed 
ovules — must be regarded as showing physiological relationship, 
phylogenetic in character, but with fertility barred by some cytolo- 
gical dissimilarity on the part of the parents.” 

The segregation of the abnormal flowers in the F 2 S. ryhinii X S. 
chacoense points to a 3 : 1 or 13 : 3 ratio; the segregation of the F 2 
5. ryhinii x S. commersonii to a 10 : 6 ration. For the moment there 
is no plausible explanation. Back crosses have been made with the 
parent plants S. chacoense and 5, commersonii. This was quite possible 
for in the case of abnormal anthers, the ovary was completely normal 
and pollinated with viable pollen it was fruiting. Also reduced anthers 
had normal (probably viable) pollen. Even a squash made of an 
anther rudiment, showed one good pollen grain (fig. 82). 

Also on ground of polyploidy for tlie present no explanation is 
possible. The number of dominants in polyploid inheritance is larger, 
whereas in this case we find a larger number of recessives (at least if 
we can sp'ak here of recessives). 

2 . Crosses between diploid and tetraploid species. 

Looking at the results of these crosses it is striking that quite a 
number of chromo.somes have paired. If this pairing has been brought 



Fifj, 82. \ squash of an anther rudiment of 4913'67 showing 
one viable ]K>nen gram. 


chromosomes is not 12, but 6. Comparing the results of the 6 different 
crosses and giving for eacli of them the mean number of univalents 
and the mean number of chromosomes in the second inetaphase plate, 
then we have the following: 


'I'vpe of cross 

mean number 

. of univalents 

mean number 

of chromosomes 
in Mn 

S. tuberosum x S. ryhinii 


17.73 

S. phureja x 5. acaule 

4.78. 

16.26 

S. anlipoviczii X S. chacoense 

; 3.94 

16.6 

S. antipoviezii X S. commersonii 

j 0.91 

17.09 

S, antipoviezii x S. phureja 

3.86 

15.2 

S, antipoviezii x S. ryhinii 

3.03 

13.67 
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Comparing the cross S. antipoviczii X 5. chacoense with the cross 
S. antipoviczii X S. commersonii of which the fatherplants belong to 
the same group, we see that the cross S. antipoviczii x commersonii 
is more regular, has less univalents, the mean number of chromosomes 
in the second metaphase plate being rather high. Indeed quite a 
number of plates with 18 chromosomes occur (35 out of 140 =- 25%). 
We may conclude from this that the haploid commersonii set is more 
homologous with twelve antipoviczii chromosomes than is the chacoense 
set. Supposing at first that a chacoense set pairs completely with an 
antipoviczii set or a commersonii set with an antipoviczii set, than 
there must be an incomplete autosyndetical pairing between the 
remaining antipoviczii chromosomes. But how does one explain the 
difference between these two crosses? It seems to me more probable 
to suppose that one antipoviczii set of six chromosomes pairs com¬ 
pletely with one other antipoviczii set and that the remaining twelve 
antipoviczii chromosomes are pairing partly with chacoense or commer¬ 
sonii chromosomes. This pairing will be more intensive according to 
whether the chacoense or commersonii set is more homologous with an 
antipoviczii set. In this particular case the commersonii set is therefore 
more homologous with an antipoviczii set than is the chacoense set. 
It may be objected that in the meiosis of .S. antipoviczii only bivalents 
are found and no polyvalents. However in literature similar cases are 
known. Ljungdahl (1924) has crossed Papaver nudicatde (n ~ 7) 
with Papaver striatocarpum (n ~ 35) and found in the first meta- 
phase of the Fi 21 bivalents, so autosyndesis of two sets nudicaule 
chromosomes. The parent plant striatocarpum has in the first meta- 
phasc 35 bivalents, no polyvalents. Something like that is femnd by 
Ellison (1936). In the Fi of the cross Solanum nigrum (n --- 36) x 
Solanum nitidihaccatum (n = 12) he finds 24 bivalents, aputosyndesis 
of nigrum chromo.somes, whereas the first metaphase of Solanum 
nigrum has 36 bivalents, no polyvalents. Pkopa('H (1937) states 
(p. 151) on account of tlie cross 5. acaule x S. demissum: ‘Thrc 
Genome miissen also homolog sein, was cytologisch in der strengen 
Bivalentenpaarung der rcinen Arten nicht zum Ausdruck kommt". 
In his opinion the chromosomes of the different species are pairing 
completely, but no complete autosyndesis takes place. Rybin (1940) 
by treating 5. rybinii with colchicine, finds in the metaphase of the 
doubled individuals 24 bivalents and no polyvalents. 
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We may assume the same for the crosses 5. antipoviezii x S. 
phureja and S. antipoviezii x S. rybinii. S. phureja and S. rybinii 
belong to the same group. Small differences in their genomes find 
expression in their pairing behaviour with 5. antipoviezii. The mean 
number of univalents is not quite the same, the mean number of 
chromosomes in the second metaphase plate is different, though this 
last number for the cross S. antipoviezii x S. rybinii probably must be 
somewhat higher (see p. 270). Here too it seems to me probable that 6 
antipoviezii chromosomes pair autosyndetically with 6 other ones and 
the remaining 12 pair partly with phureja, resp. rybinii chromosomes. 

The cross S. phureja x 5. aeaule is in some degree comparable 
with the cross S. aeaule x 5. ehacoense made by Propach (1937). 
Pkopacti finds a mean number of 6.4 univalents, whereas I found in 
the cross .S', phureja x S. aeaule a mean number of 4.78. We may 
conclude that one aeaule set is more homologous with the phureja 
set than it is with the ehaeoense set. 

Looking now at the cross .S. tuberosum x 5. rybinii it strikes that 
meiosis ot the Fj is nearly regular. Several authors (Stow, 1927; 
Fukuda, 1927; Longley and Clark, 1930; Bleier, 1931; Meurman 
and Rancken, 1932; Bayliss 1933-34) state that the meiosis of 
5. tuberosum is somewhat irregular. Considering the fact that S. 
rybinii and .S. tuhetosum belong to the same group, it is most probable 
that their chromosome sets are very homologous. 1 think therefore 
it is po.ssible to explain the nearly regular meiosis of 5. tuberosum x 
S. rybinii by assuming that one tuberosum set of six chromosomes 
pairs completely with another tuberosum set, while the two remaining 
sets (of .six) in tuberosum ar<* more homologous to both rv6m«-sets 
of six than the}’ are between themselves. 

Oppenheimek (1933) made the cross S. ehacoense x 5. tuberosum 
and obtained different Fi plants, viz. plants with 36 and plants with 
48 chromosomes. The meio.sis of the plants with 36 chromosomes 
(which can be compared with the Fi plants of the cross S. tuberosum 
X S. rybinii) is irregular. The number of units in the first metaphase 
is 12-16, once he counted 24. The number of univalents outside the 
metaphase plate is different, the highest number was 12. He supposes 
that 12 tuberosum chromosomes pair with 12 ehaeoense chromosomes 
and the other tuberosum chromosomes are pairing autosyndeticall\' 
or not at all. I think it is more probable to suppose that pairing 
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between tuberosum and chacoense chromosomes is not complete, 
while the remaining tuberosum chromosomes do pair regularly. This 
is more in agreement with his own and my results, for if pairing between 
chacoense and tuberosum chromosomes was complete then the pairing 
between the remaining tuberosum chromosomes must be little or 
nothing and this would not be in agreement with the results I ob¬ 
tained in the cross 5. tuberosum x 5. ryhinii. 

Emmh (1936) finds in the different crosses between diploid and 
tetraploid species (viz. S. rybinii x 5. ^andarae jand recipw^ocal', 
S. ajuscoensc x S. rybinii, S. rcddickii x S. rybinii and 5. boyacense 
X 5. ajuscoense) a nearly regular meiosis. In the first metaphase she 
counted 18 units, in the second metaphase 16-19 chromosomes. She 
does not mention the number of plates she counted, so it is difficult 
to judge from these data. 

Schwarz (1937) also made crosses between diploids and tetra- 
ploids, viz. the Fi of {S. phureja x 5. rybinii) x wS. acaule, Meiosis is 
irregular. In the first metaphase he counts 22-23 units, the number 
of univalents is 4-6 or more. Comparing this with the data of my 
cross 5. phureja x S. acaule, it would appear that the mean number 
of univalents (4.78) is in accordance with above mentioned data 
given by vSchwarz, only the range is higher (1-8). The same applies 
to the number of units in Mi (13-20). Schwarz does not mention the 
number of plates he has counted, which is to be regretted. He con¬ 
cludes that 12 acaule chromosomes pair with 12 [rybinii x phureja) 
chromosomes. The remaining twelve acaw/c, chromosomes are con¬ 
jugating partly autosyndetically. According to him this is only 
possible when the basic number of the chromo.some.s is 6. Just because 
we suppose that the basic number is 6, I believe it is more obvious 
that 12 acaule chromosomes are pairing completely autosyndetically 
and the other ones partly with the [rybinii x phureja) chromosomes. 

j. Crosses between diploid and hexaploid species. 

Only two crosses between a diploid and a hexaploid species are 
described in literature by Propach (1937) viz. S. demissum x S. 
verrucosum and S. demissum x S. chacoense. S. verrucosum belongs 
to the same group as S. demissum (group Demissa), so they are closely 
related. At side view of the first metaphase of the Fi S. demissum x 



SOLANUM TUBEROSUM L. AND SOME OF ITS RELATIVES 


313 


S. verrucosum he finds uni-, bi-, tri- and tetravalents. Counting 100 
second metaphase plates, the most frequent number is 22 . In the 
cross S. demissum x S. chacoense he finds only a few good metaphase 
plates, showing the same picture as the cross S. demissum x S. 
verrucosum. 

Comparing his results in the cross S demissum x S. verrucosum 
with the data I obtained from the cross S. demissum x S. commer- 
sonii, we find the following chromosome numbers in Mu plates: 

No. of chromo¬ 


somes in Mil . 18 19 20 21 22 23 24 25 26 27 28 29 32j total 
.S', dem. > .S. 


comm . 

118 11 

14 

9 

7 6 3 1 

1 - 1 1 

63 

.S. dem. X .S'. 

verruc . 

1 6 21 

39 

20 

1 1 1 

i 

! 

1 

1 

! 99 


'I'he most frequent number in both crosses is 22. In 11 out of 99 
plates Pkopach counts 24 chromosomes, this is 11 %. In the cross S. 
demissum x S. commersonii 7 out of 63 plates have 24 chromc^somes 
this is also 11 %. Whereas in my preparations also tri- and tetravalents 
occur, the results are ratlier concordant. 

The cross .S. demissum x .S. caldasii is most probably identical 
with the cross 5. demissum x .S', commersonii, but as the countings 
could not be made exactly, they cannot be compared here. It is not 
clear why there should occur such a small number of univalents in 
4823/1 (see page 275). 

With such little data available it is not possible to tell much about 
the pairing behaviour. Building on the above mentioned hypothesis 
it seems to me possible that 4 of the 6 chromosome sets of a demissum 
gamete are pairing autosyndetically and the other 2 partly with the 
two sets of a caldasii or commersonii gamete. 

4 , Crosses between tetraploid and hexaploid species 

Nothing is found in literature about the only cross which succeeded 
viz. S. antipoviezii x S. demissum. 

Comparing the results (p. 278-283) it appears that the data of 4817/1 
are different from the other 3 plants. Since only the somatical chromo- 
.some number h^ been counted from 4818, there is a possibility that 
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this is different from 4817/1. Both the number of units in the first 
metaphase, and the number of chromosomes in the second metaphase 
are rather small. In Mi the most frequent number is 24, in Mu 23 and 
25, whereas the number of univalents is higher (most frequently 4 
and 6). They arc in contrast with the combined data of the other 
plants, as seen from this table: 

No. of units in Mi . . 23 24 25 26 27 28 29 30 31 32 33 34 35 36 


4817/6 1. 1 11 

4817/6 II. 2 - 44422 1 1 

4818 . 253423—331 12 

Total. 467866344 1-12 

No. of univalents. 0 1 2 3 4 5 6 78 

4817/6 I. 21110 892 2 

4817/6 TT.10 18 15 9 8 8 1 

4818 . 2 13 20 20 17 5 1 — 1 

Total.12 33 46 39 33 22 4 2 1 

No. of chromosomes 

in Mil. 22 23 24 25 26 27 28 29 30 31 32 33 34 

4817/6 I. 11894431 

4817/6 II. 14 5 5 10 8 3 6 1 

4818 .124 — 10 11935 1 1 

Total.1 2 6 5 23 25 23 15 11 7 1 1 1 


Data about another cross hexaploid x tetraploid, viz. S. demtssum 
X 5. tuberosum is mentioned by Salaman (1929), Catharine Bicckek 
(1939) and Leona Schnkll (1948). 

Leona Schnell docs not give exact data. She only, mentions 
(p. 211) that the meiosis is irregular .showing: “lagging chromosomes, 
spindle abnormalities, high multivalent formation, delimitation of 
fewer or more than four spores, and pollen stcrilit>' in most cases. In 
the division resulting in pollen sterility, groups of cliromosomes 
retaining their primary S 3 maptic associations are visible on both 
anaphase spindles, while in normal polyploid plants segregation of 
chromosomes in multivalents is at random.“ Also on page 187: “The 
drawings are as accurate as it was possible to make them under the 
difficulties of ob.servation caused by the large numbers of small 
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chromosomes. In some instances it was impossible to decide whether 
overlapping of chromosomes was being observed or whether actual 
associations were present. Because of the depth of the nuclei, particu¬ 
larly in the early stages when the cliromosomcs are scattered, it was 
not always possible to determine accurately the configurations 
present, but those included in the plates were unmistakable. The 
numbers of chromosomes in the polar views varied to such an extent 
that it was not possible to determine in any way whether an exact 
count was being obtained; for that reason little stress will be placed 
upon actual numbers present in the drawings unless certainty was 
indicated. Root-tip slides were attempted, but because of the large 
number of chromosomes involved, it was considered impracticable 
to continue the work.” 

Referring to this quotation it .seems to me probable that the 
fixation of her material is not quite right, whicli possibly may be the 
cause of the ‘‘connecting strands’* she finds between the chromoso¬ 
mes. None of the other authors ever mentions them. She gives the 
following explanation: ,,Nucleic acid starvation due to the malfunc¬ 
tioning oi the chromosomes in the cytoplasm is a possible reason for 
the retention of as.sociations and bridge formation.” Concerning 
the pairing behaviour .she states (p. 208): ‘Tonsidcring the pairing 
behaviour in the Fi plants investigated, wherein .synaptic associations 
of the kinds common to both 5. demissum and 5. tuberosum are 
formed, with no consistent formation of 24 bivalents and 12 univalents 
observed, a possible explanation may be that pairing inter se of 
chromosomes derived from each of the parental individuals takes 
place; that is, that autosyndesis of the demissum chromosomes and 
of the tuberosum chromosomes occurs.” This is cojitradictorv to the 
findings of vSalaman (p. 1238) who states: “At the reduction division 
of the Fi 24 domestic chromosomes unite with 24 5. utile (demissum) 
chromosomes giving 24 bivalents, the other 12 5. utile chromosomes 
remain unpaired and segregate at random in the heterotype and 
homotype divisions so that the composition of the pollen grains 
varies from 26-32.“ Salaman does not give illu.strations of his cytolo- 
gical data, neither do we find figures in the publication of Catharina 
Becker (1937). She states that 6 out of 61 plates do not have univa¬ 
lents, the other plates have 2 or more. The highest number is 6. Most 
frequent are the numbers 1 and 2. She observes lagging chromosomes 
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ill the first anaphase. She did not count the number of units in Mi 
and the number of chromosomes in Mn- These data are different 
from those given by Salaman, so it will be necessary to ascertain 
this later. 

Looking back upon the results of these different inters])ecific 
crosses, the most striking fact in my opinion is the sterility" of the 
crosses between diploid and tetraploid species. This cannot result 
from irregular mciosis. Meiosis of diploid x hexaploid and of tetra¬ 
ploid X hexaploid is much more irregular. Neither can it be the 
consequence of the degree of relationship. The cross for instance 
between 5. tuberosum and S', ryhinii, two closely related species, is 
completely sterile. Why is it that gametes with 12, 24 (or 24 n), 

i 30, and 36 chromosomes are fertile, while gametes with 18 chromo- 
.somes arc sterile? There must be something lacking, a complex of 
chromosomes which is present in the other gametes. We are dealing 
here with species which form a polyploid series, most probably the 
polyploid ones have arisen from diploids. The gametes of the diploid 
species have 12 chromosomes, two sets of 6 by supj)osing the ba.sic 
number is 6. Let me call them AA. This chromosome set is present 
in all diploid species hitherto investigated, because the meiosis of the 
mutual crosses is regular. I have already mentioned the possibility 
that in the cross diploid x tetraploid, a part of the chromosomes of 
the last, are pairing autosyndetically. Supposing such a chromosome 
set in the gametes is compo.sed of AiAiBB. In the cross diploid x 
tetraploid (AAAiAiBB) B conjugates with B and AiAi with AA. The 
conjugation of AA and AiAi will not be complete, because in the 
course of evolution the chromosomes have become partly homologous 
by structural variation. It might be possible that gametes of a hexa¬ 
ploid species would consist of A2A2CCCC. Diploid x hexaploid gives 
AA X A2A2CCCC, here CC pairs with CC and AA partly with A2A2. 
Pairing between AA and A2A2 can be less complete than between AA 
and AiA], which might be a possible explanation for the greater 
irregularity in the cross diploid x hexaploid. 

*) Since this was written Bains, Howard and Dodds have published (Natiire 
Nov. 4, 1950) results on a haploid S. demissum plant, obtained in an F 2 
demissum X rybinii. In first metaphase they find an average of 4.74 bivalents, 
which would point to a conclusion that among the 36 chromosomes in the hap- 
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Tetraploid x hexaploid gives AiAiBB x A 2 A 2 C(XC. 

B pairs with B, CC with CC and AiAi partly with A 2 A 2 . 

Thus we have the following: 
diploid X diploid AA pairs with AA 

diploid X tetraploid AA ,, ,, AiAi, B with B 

tetraploid x tetraploid AiAj with AiAi, BB with BB 

diploid X hexaploid A A with A 2 A 2 , C(' with CC 

tetraploid x hexaploid AiAi with A 2 A 2 , B with B, ('C with CC 

In all Fi’s at least a double set of chromosomes has paired com¬ 
pletely, except for the cross diploid x tetraploid. This perhaps may 
be a possible explanation for the sterility of the Fj diploid x tetraploid. 

The behaviour of S. hiherosum cannot be explained entirely, 
because mciosis is somewhat irregular and the cross 5. tuberosum x 
S. yyhinii is nearh^ regular. Perhaps we may suppose that a tuberosum 
gamete has two sets which are identical with two rybinii sets and the 
other two rather homologous, e.g. AAA 3 A 3 . 

Meiosis of S. ajuscoense x 5. antipoviczii is regular (Rybin 1933) 
and that from S. acaule x 5. antipoinczii (Propach 1937) irregular. 
S. ajuscoense and S. antipoviczii are closeh’ related (I should like to 
bring them together into one species) so it is obvious the meiosis of 
the hybrid will be regular. The chromosomes of 5. acaule and S. 
antipoviczii differ perhaps in their BB set, one of them may be AiAiBB 
and the other one AiAiBiBi. 

I am fully aware of the fact that this hypothesis is loo little founded 
on facts and does not give an explanation for all phenomena. It will 
be nece.ssary that interspecific cros.ses are extended between more 
Solanum species to get any idea about the relationship of their geno¬ 
types. So perhaps we can establish in the future the relation between 

loid set of demtssum there would be only two sets of six as homologous chro¬ 
mosomes. However the results of Propach and my.selt on the cross diploids > 
hexaploid demiasum gave nearly regular pairings from which the conclusion 
may be drawn that in the haploid set of demissum much more homologous 
groups are being found. I think therefore it is doubtful if the haploid plants 
obtained by these authors really are haploid demtssums, becau.se the possibi¬ 
lity is left open that after hybridization some irregularity has reduced the 
number of the hybrid combination to the number of 36, sothat this so-cal¬ 
led haploid set can contain demissum chromosomes together with rvbimi 
chromosomes. The numbers 39 and 60 chromosomes which they have obtained 
point in the same direction. 
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the different species as has been done for Triticum (as started by 
Kihara 1924 and now summarized by Schiemann 1943 and Sears 
1948). Perhaps it would also give a solution about the origin of S. 
tuberosum, about which little is known with certainty. 

The somatical number of chromosomes of the doubled hybrid S. 
demissorosum (p. 286) is rather divergent. 1'hesc differences even 
occur in the same roottip of a plant. The .same phenomena appear in 
the progeny. An unequal number of chromosomes in hybrids or in 
plants treated with colchicine is observed several times. Vaarama 
(1949) finds in the doubled (treated with colchicine) Ribes nigrum 
(normal 2n — 16, the doubled one 2n — 32) numbers varying from 
4-32. He states (p. 143): 'The cells which possess deviating chromo¬ 
some numbers have been found to be dispersed among the tetraploid 
cells. Those with the lower numbers have not been found to be con¬ 
centrated on any of the different meristematic zones of the root-tip), 
i.e. periblem, plerome or dermatogen. Neither has it been observed 
that any large cell groups consist of cells p^rovided with a certain 
chromosome number. The decrease of the chromosome number has 
thus not given rise to any chimaeras of the tissues.” He supposes 
that the appearance of numbers smaller than tetraploid is caused by 
the occurrence of two spindles in one cell. 'The formation of split 
spindle and the timing disturbances in the divisions are assumed to 
be connected with structural differences in the chromosomes, arising 
in C-mitosis .... It seems also to be of importance that structural 
changes disturb the balance of the mitotic genes which regulate the 
nuclear cycle” (p. 159). 

Darlington (1939) mentions that often small chromo.somes fail 
to divide regularly at mitosis, both halves pass to the same pole, so 
that nuclei with variable numbers arise. 

Levan (1949) obtains in the progeny of timothy with 12 x and 13 x 
(resp. 84 and 91 chromosomes) mitotic disturbances in their root 
cells, resulting in .sectors with deviating chromosome numbers. 

Jones and Bamford (1942) studying triploid Gladiolus state: ''In 
making the chromosome counts, it was impossible in a few cases to 
obtain a consistent number for some individuals.” And further: 
''The least inconsistent of these have been included in the tables, 
while the more variable ones were entirely eliminated from consi- 
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deration.'* Concerning the number they find a very large range. 
‘There is a great variation in regard to the progeny." Moreover parts 
of the roottip have very different numbers (p. 811): "Various irregu¬ 
larities in somatic cell division have been observed in the above- 
mentioned progeny. That these have involved tissues, as well as 
individual cells, is obvious, because in some cases certain areas in the 
root tips were found to liave different chromosome numbers from 
those of the surrounding tissues." 

HAkansson (1950) in trying to count the somatical chromosome 
number of the hybrid between Godetia nutans (from Santa Rosa, 
('alifornia; n — 14, with accessory chromosomes) and Godetia Whitneyi 
(n — 7) says (p. 40): ,,_unexpected difficulties arose in deter¬ 

mining the cliromosome numbers of some plants. Most plants showed 
a numerical variation. Root tips from the same plant often had 
different chromosome numbers — interradicular variation, and in 
many roots the chromosome number varied — intraradicular vari¬ 
ation." 

I also found the same difference in cliromosome number in the 
doubled 5. tuberosum x S. tuberosum. In S. tuberosum itself numbers 
deviating from 48, occur as well (a few more or less), but in the 
doubled one this is observed in a higher degree. That is the reason 
that 1 have mentioned on the tables (p. 297-303) only the nature of 
their chromosome constitution viz. tetraploid or octoploid. It is 
difficult to give an exact number. 

The further results of these doubled plants .S. tuberosum x 5. 
tuberosum have shown that only a small number of the plants have 
remained doubled during 4 years (1947, 1948, 1949 and 1950). The 
plants with a (' habit which are left finally in 1950 originate from 24 
plants with C habit in 1947 (total number of plants with C habit in 
1947 was 50). This decrease of 26 clones has come about partly be¬ 
cause plants with C. habit have died, partly that they did not form 
tubers and partly that they reverted to the tetraploid constitution. 
What can be the cause for going back to the normal situation? 
Levan (1949) thinks there is a threshold value of the number of 
chromosomes in each cell above which the viability of the individuals 
should be reduced. He states (p. 47): "The cause of this threshold 
may be mitotic conditions. Perhaps when the somatic number passes 
from 77 to 84, the cell size which is not growing in proportion with 
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the increasing chromosome quantity, gets too small to accommodate 
the high number of chromosomes present.” This might be one of the 
reasons, that normal numbers are regained by abnormal mitotic 
divisions, which however I never found. Another possibility which 
seems more prc^bable to me is that while the plants have been chi¬ 
meras, the normal parts of these plants are more viable, so there is a 
tendency to revert to a normal state. 

Cases like 4733/43 no. 1 are pointing to this opinion. This plant 
had a C habit in 1948. Roottip investigation has .shown the normal 
number. Of the two planted tubers in 1949, one gave a normal plant, 
the other a C habit. Something like that is shown in the numbers 
4733/50 no. 1,4734/34 no. 4 and 4739/8 no. 1. By determining if plants 
are doubled or not, we must be very careful, because there is a good 
chance that only parts of the f)lant.s are doubled. Moreover it appears 
from this table (p. 297-303) that colchicine does not work in the first 
place on the spindle but on the plasm. Primarily we have a working 
%n the plasm, perhaps a poisoning or a narcotizing influence and 
secondarily the spindle figure not being formed, or being destroyed, 
by which there is no disjunctic^n of the halves of the chromosomes. 

This explains the app)earance of plants with a doubtful C habit. 
There has been an influence on the plasm, but it is not necessary that 
the chromosomes have been doubled. After some time we can get a 
working on the spindle, by which the chromosomes are doubled and 
plants with C habit arise. 

E.g.: 4733/3 no. 2 and no. 5. In 1948 a doubtful C habit. After 
cytological investigation it appears that they are tetraploids. In 
1949 plants with C habit which in 1950 have again a C liabit. 

4733/74 no. 3. The habit of the j^lants of 4733/74 is very peculiar. 
Except for the flower buds they are completely normal, but the 
flower buds have the typical appearance of plants with C habit. 
After cytological investigation it appears that some plants are tetra- 
ploid, other ones octoploid. 

The penetration of the working of colchicine in some plants is 
restrained to the plasm, in other plants it has proceeded to the spindle. 
No. 3 is tetraploid, nevertheless the clonal descendants have C habit. 
No. 5 is also tetraploid, but its clonal descendants are like no. 5 
normal with abnormal flower buds, whereas no. 2 appears to be 
octoploid and gives clonal descendants with C habit. The same we 
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meet in No. 4739/37 no. 5. In 1948 a doubtful C habit. Appears to be 
tetraploid. In 1949 and 1950 the descendants have C habit. 

This working can be not strong enough and if so we get again 
normal plants, e.g. 4723/23 no. 1, 4733/3 no. 1 and no. 4, 4733/63 no. 
lb and 2a (no la and 2b have in 1949 a doubtful C habit, but are 
normal in 1950). 4739/1 no. 1, 4 and 6, 4739/64 no. 2. 

It is likely that this working of colchicine on the plasm has a 
physical or chemical nature. According to Wada (1940) colchicine 
works on the surface tension of the “Atraktoplasma’', but does not 
work on other parts of the cell, nor on the viability. T think it more 
probable that the first influence is on the cytoplasm and afterwards 
the nuclear plasm (‘‘Atraktoplasma**) has been influenced. This is in 
agreement with the data published by Reese (1950) who in his 
experiments with Lepidium and Petroselinum seedlings reaches the 
statement that in each case there is an influence on the cytoplasm. 
A small number of doubled plants after colchicine treatment does not 
result in damaged roots but he says: ‘‘Die haufig schlechten Ergebnisse 
bei der Samenbehandlung beruhen somit im Grundc nicht, wie 
melirfach angegeben (Werner 1939, Gyorffy 1940), auf eincr zu 
stark gcschadigten und daher unentwickelten Keimlingswurzel — 
denn auch Petroselinum - Keimlinge mit diploiden Wurzelregene- 
raten (Konzentration 10 “ 2 %, s.S. 343 f.) vermdgen sich im allgemei- 
nen nicht aus dem Sprossvcgetationspunkt heraus weiter zu entwick- 
len —, sondern auf der mangelnden Lebensfahigkeit der oberirdischen 
Organe.” And then he concludes (p. 368): “Es sei hier noch einmal 
die Frage aufgeworfen, inwieweit diese verminderte Vitalitat auf 
eine karyoplasmatische, in C mitosen zur Vervielfachung der Chromo- 
somenzahl fiihrende oder eine zytoplasmatische, also lediglich das 
Zytoplasma betreffende toxische Colchicinwirkung zuriickzufuhren 
ist. Dass erstere abgcsehen von den Vegetationspunkten, nur bei den 
Petroselinum-, nicht aber den Lepidium-C -Keimlingen gegeben ist, 
wurde bereits hervorgehoben, Eine Beeinflussung des Zytoplasmas 
aber erfolge in beiden Fallen, und es ist wohl anzunehmen, dasz sie 
bei Lepidium infolge des weniger labilen Wachstyms physiologischen 
Zustandes der Einzelzellen zur Zeit der Colchicin-behandlung schwa- 
cher sein wird als bei Petroselinum** So long as we do not know more 
details about the action of colchicine, we cannot give a definite 
decision. 
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Supposing like Ostergren does (1949) that the spindle figure is a 
tactoid, and does not exist of fibres but of particles in dynamic 
equilibrium, continuously exchanging position with one another as 
in a liquid, but still preserving their characteristic parallel orientation 
it is possible to imagine that the working on the nuclear plasm is in 
such a way that may be by change of viscosity, no orientation of the 
particles occurs. 

An important field of research still lies open: it seems more and 
more necessary not only to look at the final result, but to study the 
colchicine action much more in detail as a cytological, and not a 
purely karyological. process. 


SUMMARY 

1 ) Native materials, obtained through the courtesy of Professor 
Dr A. C. Boerger, Uruguay, and considered to be Solatium 
commersonii, have a somatic number of chromosomes of 2n 24. 
Therefore it seems probable that the plants having a somatic 
number of 2n = 36 as studied by other writers, donot belong to 
this species. 

2 ) On the strength of the results obtained from crosses between 
different species it was tried to establish a relationship between 
the genomes. 

3) The cytological assumption that the basic number of chromosomes 
in the genus Solatium is 6, was strengthened by genetical data. 

4) It was demonstrated that the action of colchicine is primarily 
cytological, and secondarily karyological. 

5) Three new species are mentioned, viz. Solatium antipophureja 
(2n = 72), S, antipochacoense (2n = 72) and 5. demissorosum 
(2n =120). 


SAMENVATTING 

1 ) In het wild groeiend materiaal, ontvangen van Prof. Dr. A. C. 
Boerger, Uruguay, dat door hem als Solatium commersonii be- 
schouwd wordt, heeft een somatisch chromo.somenaantal van 
2n = 24. In verband hiermede lijkt het waarschijnlijk, dat de 
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door andere auteurs onderzochte planten, die 2n = 36 hadden, 
niet tot S. commersonii behorcn. 

2 ) Op grond van de resultaten verkregen uit de kruisingen tussen 
verschillende soorten werd getracht een verwantschap der ge- 
nomen vast te stellen. 

3) Genetisch werd bevestigd, wat cytologisch verondersteld was, 
dat het grondgetal der chromosomen in het geslacht Solatium 
6 is. 

4) Aangetoond werd, dat de werking van colchicine primair cytolo¬ 
gisch en secundair karyologisch is. 

5) Er wordt melding gemaakt van drie nieuw verkregen soorten, 
nl. Solarium antipophureja (2n — 72), 5. antipochacoense (2n = 
-- 72) en S. dcmissorosum (2n = 120). 

RitSUMfi 

1 ) Au moyen de materiel, recolt^ dans la nature et gracieu.sement 
fourni par M. le Professeur Dr A. Boerger, Uruguay, et consid6r6 
par lui commo Solatium commersonii, j*ai pu constater que le 
noinbrc somatique dc chromosomes est de 2n = 24. En conse¬ 
quence il cst fort probable que les plantes, etudites par d'autres 
auteurs, qui mentionnent le nombre somatique de 2n = 36, 
n'apparticnnent pas a cette espece. 

2 ) Les resultats obtcnus des croisements entre diff6rcntes espfeces de 
Solanum ont mene k un effort provisoire k etablir les affinites 
des genomes. 

3) L'hypothese cy’tologique que le nombre de base dans le genre 
Solanum soit de 6, a ete confirmee par des dates d'analyse geno- 
typique. 

4) II a ete constate quo Taction du colchicine cst en premier lieu de 
caractere cytologique et secondairement de caract^re karyolo- 
gique. 

5) Trois esp^ces nouvelles ont ete obtenues par dedoublement du 

nombre de chromosomes dans des hybrides d’especes, k savoir 
Solanum antipophureja (2n = 72), S. antipochacoense (2n = 72) 
et S. dcmissorosum (2n 120). 
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THE HEREDITY OF THE DIMENSIONS AND THE WEIGHT 
OF THE SEEDS OF PHASEOLUS VULGARIS 

V 3 . The seedgcnerations, F2 and F3 1) 

V 4 . The seedgeneration F 4-1935 *) 

by 

Dr. G. P. Frets 

{Received for puhltcatton April 18, 1950) 

3 a. The Fa-seedgeneration 

The bean of the Fa-seedgeneration grows on the Frplant. It has 
an Fi-seedcoat, the seedlobes are the Fa-generation. The beans of 
the Fa-seedgeneration .show that there has been a splitting. 

If we judge the Fa-seeds exclu.sively from the scedcoat of the Fi- 
plants and consider them as Fi-generation, we neglect something in 
our investigation, nl. the effect of the seedlobes of the Fa-generation. 
In this investigation I examine the two influences to determine the 
extent of the mistake made in the first case 2). 

We study the composition of the Fa-seedgeneration on the basis of 
the theory of polymere factors and therewith assume .some dominance 
of the large dimensions over the small and therefore of the large 
weight over the small and with regard to the indices which are 
the derivatives of the dimensions, there follows from this some 
dominance of the lower indices over the higher. The beans are adapted 
to the Fi-seedcoat; it has a levelling effect, which means that it will 
cause large Fa-beans to become a little smaller and small Fa-beans 

') An extensive Dutch MS and a smaller English one, together with the tables 
and figures and the writing-bopks containing the original observations, are kept 
in the laboratory for the study of heredity at Wageningen and are to be seen by 
any one interested in the subject. 

2) Compare also V 2 . The crosses. Genetica 1946. 
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to become a little larger*. The variation-range of the beans of the F 2 - 
seedgeneration will be a little smaller than it would have been without 
the influence of the Fi-seedcoat. It may be that with the heredity 
of the seedcoat there may be present also some dominance of the 
larger over the smaller dimensions (1947). There can also be irregular 
dominance which means that in a few cases small dimensions are 
dominant over the large. 

The beans of the T-line are long, broad and thin, those of the Tl-line 
are short, somewhat less broad and thick. On the ground of our 
observations during the years of our experiments we as.sume the 
following averages 1 ): 



I-line 

Il-linc 

length. 

150 2) 

110 

breadth . 

90 

80 

thickness .... 

60 

70 

weight. 

55 3) 

45 

LB-index .... 

60 

70 

LTh-index .... 

40 

60 

BTh-index . . . . i 

70 

85 


To explain the results of crossing, we assume polymere factors 
for the differences in extent of the dimensions. The difference in the 
length of the beans of the I-and the IT-line is considerable, the differ¬ 
ence in width is less great; it is the same with the thickness, but there 
the difference is in an inverse direction. 

We have successively considered various hypotheses, the hypotheses 
la, lb, 2 and 3 (Proc. Roy. Acad, of Sc.meeting June 28 1947). We 
accept hypothesis 3. There is here an equal number of polymere 
factors for the length, the breadth and the thickness and the increase 
of the length that a factor for the length gives is relatively as great 
as the increase of the breadth that a factor for the breadth gives and 
the increase of the thickness by a factor of the thickness. All polymere 
factors for the increase of the length are in the homozygous and 

>) Compare also Genetica 16, p. 47, 1934. 

2 ) in 0.1 mm 

3 ) incG. 
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dominant form (LL), some factors for the breadth are in the homo¬ 
zygous dominant form (BB), other factors are in the homoz' 5 %ous 
recessive form (bb); the same is true for the factors of the thickness 
(ThTh and thth). The much greater difference of the lengths of the 
beans of the I- and the Il-line than of the breadths and the thicknes¬ 
ses is taken into consideration in this way. The simplefied formulas 
of the I- and the Il-line are L 1 L 1 L 2 L 2 BiBib 2 b 2 thithith 2 th 2 and 
I 1 I 1 I 2 I 2 bibib 2 b 2 ThiThith 2 th 2 and the formula of the Fi-beans is 
L 1 I 1 L 2 I 2 Bibtb 2 b 2 thithith 2 th 2 . There are 4 factors in the heterozygous 
form: there is segregation according to the tetrahybrid scheme. 

According to this scheme in the formulation of hypothesis no. 3 
which we take as the starting-point for the explanation of the results 
of our investigation, we find among every 256 beans the homozygotes 
L]LiL 2 L 2 BiBib 2 b 2 thithith 2 th 2 and LjLibb (also liliT 2 f-' 2 ) BiBib 2 b 2 
thithith 2 th 2 which are beans with the formula of the I-line and the 
homozygote I 1 I 1 I 2 I 2 bibib 2 b 2 ThiThith 2 th 2 which is the formula of the 
beans of the Il-line. 

In drawing up the tetrahybrid scheme, full dominance has been 
accepted and we distinguish 8 classes. We then find among every 
256 beans 45 beans which have the factors L,B and th as of beans 
of the I-line in their formula and 3 beans with the factors 1 , b and 
th as of beans of the Il-line. According to the tetrahybrid scheme 
therefore the chance of finding in the material beans of the I-line is 
15 times greater than of finding beans of the IT-line. 

Of every 256 beans there are 81 with the factors Li,L 2 , B and Th 
in the formula and 54 with the factors Li (or L 2 ), B and Th. It follows 
from this that a large F^-beanyield will have a predominantly inter- 
mediair appearance. We have already noticed that the great non- 
hereditary variability of the parental beans causes the fact that if 
among the F 2 -beans there occurs a bean with the formula as of the 
I-line, resp. as of the Il-line, this, as a single accidental variant, will 
not have the size of the extreme greatest variant of the I-line, resp. 
of the Il-line (1946). 

Beans of the F 2 -generation we have of the years 1933 and 1934. 
There were already publications about them in 1934-1937. This 
publication gives supplementary particulars. We give here an abstract. 

The simple form of the frequency curve (1935, fig. 2; 1937 fig. 2-4 
and this public, fig. 1) points to the fact, that the heredity of the 
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characteristics investigated is based on several pol 3 nTiere factors. 
There is a rather great range of variation in the F 2 “Seedgeneration. 


n 



53 34 36 a 40 2 4 46 e so 2 4 6 S 60 3 4 6 8 70 2 4 6 7d LTh 

o be 

Fig. 1. shows the variation range of the J^l'h-index and the dominance of the 
low indices in the material of Fz-seedgeneration 1933. 
a = Frequency curve of the LTh-index of the 1-line of 1933, n 322, scale 
I : 2. b = idem of the F 2 -seedgeneration of 1933, n = 1286, scale 1 : 6. c == 
idem of the Il-line of 1933, n = 407, scale 1 : 2 

With regard to the correlation of the dimensions, we also determined 
the correlations of bean-material of the I-line, the Il-line and the 
F 2 -seedgeneration for beans of consecutive weight classes (tab. 9-11, 
not publ., and fig. 2). A negative correlation will be found here. There 
is also spurious correlation (1938). Fig. 2, 1, a-c of an extensive 
material of the I-line of 1936 shows a striking difference between 
the correlation of L and B on the one side (fig. 2, la) and of L and Th 
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and of B and Th on the other (fig. 2, b and 1 c). Besides the spurious 
correlation there is a compensational growth which does not act 
in quite the same way between the dimensions. These differences 



h 


0 


0 


c 



Fig. 2. Curves of the results of tab. 9-11. Fig. 2, 1 a = 
the correlations of L and H of a great material of beans 
of the I-line of 1936, 1 b = those of L and Th and 1 c — 
those of R and Th. Fig. 2, 2 a-c give these correlations for 
a rather small material of the 11-line of 1936 and Fig. 2, 
3 a-c for a small material of the Fa-seed generation of 1933. 

The curves of the Fa-material are le.ss regular. 


point to a difference in the growth of the dimen.sions, th»t is to the 
measure of independence of the dimensions. 

As a mean for the analysis of the F2'Scedgcnerali()n we have also 
made use of the characterogram (see also 1936, p. 897). In the charac- 
terograms of averages (fig. 3) we see differences with regard to those 
of the I- and the TT-line. They correspond to that of the I-line. The 
averages of the lengths and the breadths however, lie lower than 
those in the characterograms of the T-line and those of the thicknesses 
lie lower than those in the characterograms of the IT-line. There are 
corresponding differences for the indices. The weightpoint. lies high. 
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There is a great conformity between the characterograms of the< 
averages of the beanyields of the Fa-material, which is based on the 
fact that every Fa-beanyield, if it is large enough, is the whole Fa- 


L B Th W LB LThBTh L B 7h W LB LThBTh LBThWLBLThBTh LBThWLB IThlTh 



Mg. 3. T' 2 “‘Sootlgeneration of 1933. Characterograms of mean 
dimensions, weight and indices of the l>eanyields of K 2, K 4 and 
K 5 (fig. 3, a, b and c) and of the beanyields of K 51 (fig. 3. d). 


seedgerieration. The differences we find are therefore based on the 
incompleteness of the beanyields in this respect (fig. 3d). 

In the characterograms of the individual beans (fig. 4-6) we find 
an exi)re.‘=sion of the differences among the Fa-beans. We find beans 
with a great length and a great thickness (fig. 4), with a great length 
and a small thickness (fig. 5), with a small length and a large thickness 
(fig. 6) and with a small length and a small thickness (fig. 7). In fig. 8 
we find the reproductions of 2 characterograms corresponding with 
resp. the characterogram of beans of the I-line and with that of beans 
of the Il-line of beans of the same Fz-beanyield. Cultivation of such 
beans will teach us to what extent we have in these cases to deal 
with beans with genotypical differences, that is to say with results 
of splitting. It appears that of characterograms that correspond with 
the characterogram of beans of the I-line (fig. 5), the Th-point nearly 
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An important characteristic of the characterogram is that besides 
giving us information about the shape of the bean, it also does this 


L B Th W IB LThBTh L B Th W LB UhBTh 
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Fig. 6. Characterograms of Fi-beans 
^^ith a small length and a great 
thickness. They corresp<mcl with 
that of beans of the Il-line. 


L B Th W LB LThBTh 
12Q . 6i . 65 . 76 
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Fig. 7. Character¬ 
ogram of a Fi-bean 
with a small length 
and a small thick¬ 
ness. (The whole 
characterogram 
lies beneath the 
horizontal). 


about its size by the-situation of the characterogram with regard 
to the horizontal, that is the standard characterogram. 

The investigation of the F 2 -material with the help of the charac¬ 
terogram shows that in the characterogram of the averages the domi¬ 
nance of the large dimensions over the small is expressed and the 
characterograms of individual beans point to the independence of 
the dimensions: they may be the results of splitting and may have 
then their own genotypes, which can be confirmed by further culti¬ 
vation. 

The great difficulty in classifying the F 2 -material according to the 
scheme of segregation is the very great nonhereditary variability. 
To give a definite formula to a bean of the splitting-generation on the 
ground of its dimensions and indices, that is therefore to classify these 
beans according to the 8 classes that we accepted, is to a high degree 
uncertain. 



346 


DR. G. P. FRETS, THE HEREDITY OF THE DIMENSIONS 


On the basis of the data about the dimensions of the I-line and the 
Il-line, we assume that beans with a length of 15.6 mm and greater 


have the form. L 1 L 2 and those with a length 
of 15.5-13.1 mm the form. L 1 I 2 . They belong 
to classes 1 -4 and these classes are subdivided 
into classes la and lb, etc. Beans with the 
length 13.0 mm and smaller have the form. 
I 1 I 2 and belong to classes 5-8. Beans with 
the breadth of 8.6 mm and greater have the 
form. Bib 2 , those with the breadth 8.5 and 
smaller bib 2 ; in the same way the formula 
for beans with a thickness of 6.6 mm and 
greater is Th|th 2 and for beans with a thick¬ 
ness of 6.5 mm and smaller thith 2 . 

The formulas of the various classes are: 
cl la, form. L 1 L 2 Bib 2 Thith 2 , cl lb L 1 I 2 
Bib 2 Thith 2 , cl 2a L 1 L 2 Bib 2 th|th 2 (as of 
beans of the I-line) cl 2b L 1 I 2 Bib 2 thith 2 , 
cl 3a L 1 L 2 bib 2 Thith 2 , cl 3b Lib btb 2 Thith 2 , 
cl 4a L 1 L 2 bib 2 thith 2 , cl 4bLil2 bib 2 thith 2 , 
cl 5 lib Bib 2 Thith 2 , cl 6 bb Bib 2 th|th 2 , 
cl 7 bb bib 2 Thith 2 (as of beans of the 
IT-line) and cl 8 bb bib 2 thithz. 

The number of beans that we found of cl 
2 with the form. L B th, that is therefore as 


L BThWLBLThBTK 
» 160 


72 



Fig. 8.1'wo characterograms 
of beans of the same bean- 
yield, that differ very much. 
K40, 2 p 2 b, character- 


of beans of the I-line and that of cl 7 with ogram corresponding with 


the form, lb Th, that is therefore as with 
beans of the Il-line is of some interest. We 


that of the 1-line, K 40, 7 p 
lb with that of the Il-linc. 


find that there arc too many beans of cl 7. This might point tt) coupling. 
For cl 2 it cannot bedetermined that it contains too many beans; the 
dominance of the heterozygotes makes it difficult and the levelling 
effect of the Fi-seedcoat, so that owing to the non-hereditary variability 
there may also be beans with the form L B th in several other classes 
especially in cl 1,3, 4 and 8a. If there is also coupling for beans with the 
form. L B th, that is therefore for beans as oi the I-line, — which can 
appear by cultivation-, the experience of the F 2 -splitting would be that 
the gametes of the parent-forms L B th and lb Th are formed oftener 
than those of the other combinations. We should then have to find 
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a smaller number of beans than the number expected in the classes 
of which the formulas answer to these other combinations. This seems 
indeed to be the case for cl 6 with the form. 1 B th. Only cultivation 
of the beans can bring a further confirmation of our hypothesis. 

By the analysis according to the tetrahybrid scheme we could 
prove splitting in the Fa-seedgeneration. Moreover we find some 
indication of the splitting-numbers. It is clear that if we take the 
F 2 -seedgeneration which is at the same time Fi-seedcoat-generation, 
to be Fi-generation and then count the being in a high degree inter¬ 
mediary or rather phaenotypically uniform of the variants as a 
characteristic of it, we in this way also perform a mendclistic analysis, 
but that in doing so we ignore the F 2 -phenomena of the F 2 -seedgene- 
ration — which exist and which we have been able to point out — 
and so carry out only a superficial investigation of the material. The 
investigation has to take both views (of Fj-plants and of F- 2 seedge- 
neralion) into account. Only the F 2 -sccdgeneration contains potent¬ 
ially the whole variability of the beans of the I- and the Il-line. 

V, 3 b. The Frscedgeneration 

If there is much material the F 2 -generation includes potentially, 
by segregation, the whole variability of the crossing of the tw^o 
parent-forms. In the Fa-generation part of the variability may al¬ 
ready have been lost, but if there w^as much of the F 2 -material and 
if a great numbe’' of individuals weie taken as material to start from 
and specially selected for this purpose, the chances are great that 
the whole variability of tne F 2 -matcrial has been transferred into 
the F 3 -generation. This chance is very great because we have sown 
many F 2 -beans with all three great dimensions and among these there 
will probably be some with a complete heterozygousness (LIBbThth, 
whereby L,B and Th stand for the whole number of polymere genes 
for everyone of the three dimensions) thus corresponding with the 
beans of the F 2 -seedgeneration (see also T. Tammes, 1911 p. 237). 

We selected a great many beans of the F 2 -generation of 1933 for 
sowing in 1934 and produced the Fj-seedgeneration. In the same wa}' 
a great number of beans of the F 2 -generation of 1934 was sown in 
1935. Of the great number of Fa-beanyields nearly 7000 beans in 
all of the Fa-seedgeneration were measured and weighed. The greatest 
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number of Fa-beans from one F 2 -plant that were measured is 156. 
In the same way all the F 2 -beans of the beanyield nl. 54, from one 
Fi-plant, K64 of 1933, were sown and of all the F 2 -plants grown 
frpm thpse F 2 -beans part of the Fabeanyields 


has been measured and weighed. Of the Fayield 
of 1935 nearly 4500 Fa-beans in all have been 
measured and weighed. 

The investigation with the help of the char- 
acterogram of the starting-bean of the F 2 - 
generation and the averages of the Fa-gener¬ 
ation for 1933 and 1934 and for 1934 and 1935 
gives us an impression of the heredity. The 
segregation appears from characterograms of 
individual beans of the beanyields. Complete 
agreement of characterograms of averages 
as well as of characterograms of individual 
beans and those of the I- and the Il-line is very 
rare. 

We make still the following remarks on 
beanyields of the Fs-seedgeneration of 1934. 

A very good example of a beanyield with 
beans as of the I-line is pi 194 (fig. 9); this 
beanyield contains only 12 beans. The starting- 
bean for this beanyield wholly corresponds with 
beans of the I-line. 


L B ThWlBLThirh 



The curve of frequency for the thickness of fig. 9 . Characterogram 
pi 138 shows (fig. 10a), that there is a group of (a) of the starting-bean 
beans with a small thickness in this beanyield; ® P ^ b of F 2-1933 

they belong to cl 2 with the form. L B th as 
of the Mine. Fig. 10b shows the irregular curve 

of the thickness of pi. 139, This beanyield with of 1934. Fig. 9 is a good 
14 beans with a small thickness also contains example of heredity in 
some beans as of the I-line. ^be Fj-material of beans 

Two characterograms of individual beans of l-lme. 

the bean\Teld of pi 142 are drawn in fig. 11. The 
first, fig. 12 a, is of a bean of cl 3, with the form. LbTh, the second, 
fig. 12 is of a bean of cl 4, with the form. Lbth. 

A good example of a beanyield from the Fa-material that belongs 
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to cl 7 with the form. IbTh as of the Il-line, is pi 160. The initial bean 
of K15 for pi 160 has the form. Ibth II. The mean thickness of the 
beanyield is very great, the mean length is somewhat too great for 



10. a = Frequency-curve of the thickness of the beanyield of 66 beans 
of pi 138, l" 3 -seedgcneration of 1934. The curve is composed of 2parts.b. Idem of 
the beanyield of 44 beans of pi. 139, The curve shows the rather high number 
(14) of beans with a small thickness. 

beanyields of the Il-line. Fig. 12 is the characterogram of an individual 
bean of the beanyield of pi 160, that wholly corresponds to the char¬ 
acterogram of beans of the Il-line. 

The investigation of the Fa-seedgeneration of 1934 and 1935 has 
taught us, that it must not be considered as F 2 -generation of F 2 - 
plants. We have already found that the F 2 -seedgeneration cannot 
be considered unconditionally F|-generation of Fj-plants, among 
other things because these beanyields contains beans that are segre¬ 
gation-products of the F 2 -segregation. Now we find here, following 
on the experience of the F 2 - segregation, that the beanyields of the 
Fa-seedgeneration are mutually different: there are beanyields that 
show a similarity to beanyields of the I-line and of the Il-line. 

We must assume, that the F 2 - seedcoat of the F 2 -plant can have — 
in an exceptional case — an influence on the size of the beans of the 
beanyields of the Fa-seedgeneration. The F 2 -plant nl. is an individual 
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L B Th W LB ilhSTh 


segregation-product of this F 2 -generation and can as such yield a 
seedcoat for small beans in an Fa-seedgeneration of large beans. 

The sequence of this publication will 
deal with the heredity in later gener¬ 
ations. 

V 4. The seedgeneration F4-1935 

The F 4 -seedgeneration we obtained 
in 1935 by cultivating beans of the 
Fa-seedgeneration of 1934 and in 1936 
by cultivating beans of the Fa-gener¬ 
ation of 1935. 

We chose as parentbeans those 
diverging strongest, that is the largest 
and the smallest beans, also medium¬ 
sized beans so as not to make the 
selection too unequal. We also gave 
our attention to beans apparently 
having a formula, based on a new 
combination of hereditary factors. The 
F 4 -generation of 1935 consists of the 
plants 110-350; ot 123 plants out of 
these, 5695 beans were measured and 
weighed and the indices determined. 

The F 4 -generation of 1936 consists of 
the plants 121-410, 972-1011 and 
1019-1049; of 157 plants out of these 
3745 beans were measured. 

Heredity was found as correlation Two characterograms of beans of 
for Fj-parentbeans of 1934 and the beanyield of pi 142. a. Character- 

. X XU XT u • ij ogram of bean 5 p, 3 b. The 
mean dimensions of the F 4 -beanyields , , 

^ breadth is small, the thickness is 

of 1935, likewise for the Fj-parent great, the formula is L b Th. cl 

beans of 1935 and the mean dimensions 3 b. b. Charactcrogram of bean 

of the F 4 -beanyieId of 1936. Of the 2 p, 2 b. The breadth and the 

dimensions the correlation for the thickness are small, the formuU 

length is greatest. The positive cor- js L b th, cl 4 b. 

relation found here speaks for heredity 

through polymere factors.The variation-ranges of the investigated char¬ 
acteristics of the F 4 -generation are somewhat greater than those of the 



Fig. 11. Fj-gencration of 1934. 
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Fj-gencration. They are only slightly smaller than those of the I-line 
and the Il-lines together (cf 1947). In a single case the mean bean- 
weight of the beanyield is greater than the greatest mean bean weight 
of the beanyields of the I- or of the Il-line. (Beans 
with the form. L B Th have the great length and 
the great breadth of those with the form. L B th ot 
the I-line and the great thickness of those with the 
form. Ib Th of the Il-line). Such a difference in the 
breadth of the beans, if it should be certain, might 
be explained by transgressive ''ariability. We men¬ 
tion here the case that follows. 

In Fig. 3 (not published) the frequency-curves 
of the breadth of pis. 119, i21 and 123 are re¬ 
presented and below them those of the 3 beanyields 
of the I-line of 1935 with the greatest mean breadths. 
The beanyield of pi 16 of the I-line comprises beans 
with greatly deviating breadths. The greatest breadth 
is b = 13.0 mm then follows b = 12.1 mm Beans 
with such a great breadth are not found among the 
beanyields of pis 119, 121 and 123. If however, we 
compare the ^ frequency-curves of the breadth of j)ls 
119, 121 and 123 with those of pis 1, 12 and 16 we 
see that the former shows more great breadths than 
the latter. Where the I-line is a pure line and con¬ 
tains all the breadth-genes in a homozygous form we 
must assume that the I-line and the Il-line not only 
contain the same B-genes, but also one or more more 
differing genes by means of which transgressive varia¬ 
bility in the segregation-generations may be explained. 
The variability of the beanyields as it is expressed by the standard- 
deviation and the variationcoefficient does not differ much for the 
F 3 - and F 4 -generations trom that of the beanyields of the I- and Il- 
line. The variationcoefficients for the different beanyields show 
rather great differences for those of the I- and the Il-lines as well 
for those of the F 3 - and F 4 * generations. These differences for the 
F 3 - and the F 4 - generations are therefore in the first place the ex¬ 
pression of the non-hereditary variability. 

The heredity-researches are based on the tetrahybrid scheme of 


L B Tft W LBLThBTh 



Fig. 12. Char-1 
acterogram of a 
bean of pi 160, 
Fj-generation 
1934. It corres¬ 
ponds to the 
charactefogram 
of beans of the 
Il-line. Form. 1 b 
Th, cl 7. 
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heredity with 8 classes (1947 a). It is a scheme of groups of polymere 
factors: two for the length, one for the breadth and one for the thick¬ 
ness (1947). As the difference of the lengths of the beans of the I-line 
and the Il-line is much greater than that of the breadths and of the 
thicknesses, we assumed a greater number of the hereditary factors 
for the length. We tried to 
find the natural limits of the 
classes of our tetrahybrid 
scheme. But also the more 
or less artificial classification 
is an important aid in ap¬ 
preciating the hereditary 
composition of the bean- 
yields. 

Short descriptions were 
made of all cases of the 
material and tables com¬ 
prising them. Among the 
initial beans and their 
beanyields of cl la and lb 
there are some good instan¬ 
ces of beans with the form. 

L 1 L 2 B Th. The cases of cl 
2a greatly correspond with 
cases of the I-line, but not 
one of them does so entirely. 

In cl 2b of beans with the 

form. L 1 I 2 B th we have 

. - Fig. 13. Characterograms of r" 4 -beans of 1935 

come across a single case and of comparison beans of the I-line of 1935 
where initial bean and off- with which they highly agree, 

spring entirely or almost 

entirely correspond with the beans of the I-line. To the cases of cl 
2a we also reckon pi 285 of cl 2b, of which the parent bean therefore 
has the form. L 1 I 2 B th, because the formula of the mean dimensions of 
the beanyield is L 1 L 2 B th and because according to the classification 
there are a great many beans in cl la and cl 2a. The beanyield 
strongly resembles beanyields of the I-line. Still there are too many 
beans with a great thickness (th = 7.1,7.0 and 6.9 mm). The great 
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mean beanweight is also remarkable (65 against 60 eg.). From the 
curves we made of the indices of pi 285 and a comparison-beanyield 
of the I-line (fig. 14) it appears that the curve of the L B-indices of 
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Fig. 14. 4 Frequency-curves of the indices of the 
bean yield of pi 285 F4-1935 and of the comparison 
beanyield of pi *1 of the I-line of 1935. Fig. 14 a 
L B-index; fig. 14 b L Th-index and fig. 14 c B 
Th-index. 

pi 285, fig. 14 a, lies a little more to the right than that of the com¬ 
parison-plant; for the L Th- and the B Th-indices, (fig. 14b and 14c) 
we do not find this difference with evidence. If we take into consider¬ 
ation the individual particulars of the beans the difference between 
the curves becomes explained. Thus of the 4 begins of the comparison 
plant of the I-line with L Th = 44, there are 3 in one pod; the 5 
beans with B Th == 71 and the 2 beans with B Th = 73 all have a 
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very small breadth, 4 lie in the same pod as that of which L Th = 44. 
According to the available data, also of the ascendency, it seems 
that the parent bean of pi 195 for pi 285 is not entirely homozygous 
for the form. L 1 L 2 B th, that is for the formula of beans of the I-line. 

Among the cases of class 3, form. L b Th, there is not a single case 
where on the ground of the composition of the beanyields and of the 
data of the ascendency the initial bean may claim the genotype L b 
Th in prevalently homozygous form. For the explanation of the 
different results of the cases of cl 2 and cl 3 the fact is probably im¬ 
portant that the beans of cl 2 have the formula of the beans of the 
I-line that is of one of the parent forms. The genes L and B are pro¬ 
bably not independent but there is linkage of them. 

There are rather good examples in our group of cases of cl 4, form. 
L b th of beanyields of which the initial bean is more or less homozy¬ 
gous for the form. L b th. As the beans of the form. L b Th, cl 3 are 
related to those with the form. L B Th, cl 1, so the beans with the 
form. L b th, cl 4 are related to those with the form. T. B th, cl 2. 

Characteristic for the beans of cl 5 is especially the great thickness. 
They are related to those of cl 7 with the form, lb Th of the Il-line. 
According to the cla.ssification, beanyields of the I I-line always 
comprise besides a great many beans in cl 7, a greater or smaller num¬ 
ber of beans in cl 5, thus as non-hereditary variations. In a single 
case of the cases of cl 5 we have to deal with a beanyield of which the 
initial bean is homozygous to a high degree for the genotype 1 B Th. 

There are no cases of which the formula of the initial beans is 1 B 
th, cl 6. In some other cases the formula of the means of the beanyields 
is 1 B th, cl 6. 

There are some cases among the group of cases of cl 7, form. 1 b 
Th, of which on the ground of the classification of th^ beanyields 
and the data of the ascendency, the genotype of the initial bean is 
lb Th, as of the Tl-line, in the homozygous or almost homozygous 
form. This applies especially to pi 201. We give here some details. 

Of pis 185, 200^ 127, 189, 168 and 201 parent beans have the form. 

1 B th, cl 5, that is the class which is closely akin to cl 7. The initial 
beans were taken from pis 160, 180 and 178, F3- 1934 from which 
were also taken the parent beans for the plants of cl 7, which we 
discussed already. The beanyields have a great many beans in cl 7 
and in cl 5; also in cl 8, a few in cl I, cl 3 and cl 6. Not one beanyield 
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entirely corresponds with comparisonbeanyields of the Il-line of 1935. 
We will mention a few particulars of pi 201 which most strongly 
shows the correspondence. The parent bean was taken from pi 180 
as it was for pis 189, 200 , 185 and 199. The thickness of the initial 
bean is somewhat smaller than that of comparison-beans of the Il-line 
of 1934. The mean dimensions of the beanyield almost correspond 
with that of the comparision-beanyield of pi 28, F 4 - 1935. In order 
to test this great conformity still further we made frequency-curves 
n 



Jmc,. 15. Frequency-curves of the length of the beanyield of pi 201, F4-I935 
and of the comparison beanyield of pi 28 of the 11-linc of 1935. 

of the dimensions, the weight and the indices. The curves for the 
length of the beans of pi 20 and pi 28, ll-line, show that the curve 
for pi 201, F 4 -I 935 probably lies a little to the right of that for pi 28. 
The latter, however, is rather irregular. We made a table (not pu¬ 
blished) for the dimensions, weights and the indices of the beans of 
pi 201 and pi 28, from which we see the differences. Shorter than 11.7 
mm are (pro 100) 86 beans of pi 201 and 92.4 of pi 28: Less thick 
than 7.2 mm are 72 beans of pi 201 and 50.1 of pi 28. A smaller weight 
than 50 eg have 82 beans pf pi 201 and 86.3 of pi 28. The L B-index 
is lower than 78 with 76 beans of pi 201 and with 72.9 of pi 28; the 
L Th-index is lower than 6,8 with 90 beans of pi 201 and with 84.6 of 
pi 28. There are in the beanyield of pi 201 too much beans with a great 
length, a small thickness, a great weight and a lowL B-and L Th-index; 
more than in the beanyield of the comparison pi 28 of the Il-line. 
Among the individual beans of pi 201 we do not find such as do not 
occur in the Il-line. Tab. 13 (not publ.) gives still a summary of the 
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differences. They are small but all in the same direction nl. that the 
beanyield of pi 201 falls a little behind that ot pi 28 of the Il-line, 
that thus the initial bean pf pi 180 for pi 201 is not entirely homozy¬ 
gous for the form. Ib Th of the Il-line. 

For the group of cases with the formula Ibth, cl 8, of the initial 
bean we do not find such dear instances of heredity as for the cases 
with the form. L B Th of the parent bean. 
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exprimer notre reconnaissance. L’inWret qu'il a bien voulu porter a ces travaux 
et les facilites qu’il nous a accord6es pour assurer leur execution ont largement 
contribue k la realisation de I’etude d'un materiel extraordinairement hybride 
et au maintien d'un elevage ayant prcsente les plus grandcs difficultes. 

Durant les 25 annees que nous avons consacrees a la poursuite de ces travaux^ 
Melle A, 1'errero s’est inlassabicment devouee ci la direction administrative et 
pratique du materiel vivant, alors que M. Pictet cn assumait la direction scien- 
tifique. 

Ces travaux se sont poursuivis presque totalemcnt aux frais de M. Pictet. 
Cependant, en ces derni6res annees, son budget s’est troiive allege par dc gene- 
reuses subventions de la part de: 

la Societe Academique de Geneve 
la fondation George et Antoine Claraz 

(par I’entremise du Prof. Guy^not) 
la fondation J ulius Claus 

(par I'entremise du Prof. Schlaginhaufen) 

TAcademie suisse des Sciences medicales 

(par I’entremise du Prof. Franceschetti) 

Nous tenons a exprimer notre grande reconnaissance pour Taide precieuse que 
nous ont value ces subsides, ainsi que nos remerciements & MM. les professeurs 
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INTRODUCTION 

En Amerique latine, le genre Cavia est reprdsente par plusieurs 
especes de Cobayes sauvages qui se tiennent de tres pr^s en ce qui con- 
cerne la couleur du pelage (agouti) mais qui se diff^rencient nettcment 
par leur structure squelettique. 

Au Brasil se rencontre le Cavia rufescens Lund, dont les poils, rudes, 
ont tendance k se dresser sur la t^te et sur le cou. II est d'une appa- 
rence quelque peu diff^rente de celle des autres especes sauvages; son 
pelage agouti est plus fonc6, montrant une bague jaune plus Stroke et 
davantage de noir; le pelage du ventre varie du jaune complet au 
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jaune avec un peu de noir k la base. Sa taille cst de moitie plus petite 
que celle du Cobaye domestique; Detlefsen (cf. 1) a fait avec cette 
esp^ce une 6tude g6n6tique approfondie dans des croisements avec le 
Cobaye domestique. 

All P^rou, vit le Cavia cutleri Bennet, au pelage agouti gris-roux ba- 
gu6 de brun, ce qui lui donne un ton d*agouti roux; le ventre est de 
teinte clairc. Sa coloration gen^rale est done bien homochrome avec le 
milieu aride ou vivent ces animaux. Sa taille e.st d*un tiers plus jictite 
que celle de la race domestique, selon Ed. Perrier. 

Dans la Province d'Ica, Castle a trouve le Cavia tseJmdii Fitn., 
au pelage agouti lustre de brun, dhme extreme timidite et de la taille 
du Cobaye domestique. 

En Argentine, Tespece est repr^sentee par le Cavia aperea d'Az. 
convert de jarres raides, couches, d'une teinte agouti-cendre en dessus 
et d*un ton blanc-cr^me en dessous, y compris les jambes. On Ic ren¬ 
contre 6galement dans la Guyanne, au Bresil, dans la Bolivie, le Pa¬ 
raguay, rUruguay, jusqu’au 35e degr^ de latitude meridionale. Reng- 
GER (selon Perrier), Ta rencontre dans les endroits humides, par co¬ 
lonies de \2k 15 individus habitant en.semble au bord des forets, sous 
les haies et les buissons ou dans des trous. Jamais il ne s’aventure en 
pleine foret ni en rase campagne. On reconnait sa demeurc aux sen- 
tiers etroits et tortueux qu’il .se fraie au milieu des touffes et qui se 
prolongent dans la campagne. II sort le matin et le .soir pour cherchcr 
sa p4ture; il cst tres timide et dhin tiers plus petit que le Cobaye do¬ 
mestique. 

Le pelage des especes sauvages est, sans exception, de couleur uni¬ 
forme agouti, mais d*une teinte |)ouvant varier suivant les pays ou 
vivent les differentes especes. Le poil agouti est noir, coupe d’une 
bague subterminale allant du jaune pale au brun brillant.,C'est la lon¬ 
gueur de la bague et sa coloration qui conferent a Tanimal la teinte 
generate de son pelage. Le noir de I’agouti cst generalement considere 
comme Toxydation la plus complete de la s6rie jaune-brun-noir. Le 
pigment noir contient en effet toujours des traces de corpuscules bru- 
n4tres qui, suivant leur quantite, assombrissent ou 6claircissent la 
teinte g6n6rale. 

•Chez les Cobayes sauvages, comme du reste chez la plupart des 
Rongeurs sauvages, le pelage du ventre cst blanch4tre, allant du 
creme pale au jaune. Au contraire le pelage ventral des Cobayes do- 
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mestiques est g^neralement de pigmentation plus foncee; on ne con- 
natt pas de Cobayes domestiques k ventre blanc. Cependant nous 
avons pu r^aliser la creation d*une mutation a ventre blanc (Pictet 
6 et 8). 

Dans tous les pays s'eleve le Cobaye domestique, Cavia cobaya 
Marcg. Cette esp^ce est repr^sent^e, comme on le sait, par diverses 
races de coloration dont Tune d*elles, qui marque probablement Tori- 
gine de I’espece, est d’un agouti roux uniforme et dont les autres sont 
non-agouti, noir ou panachees noir-feu-blanc, chez lesquelles le pelage, 
soit agouti soit noir, s’agremente d'aires bruncs, feu ou blanches qui 
couvrent le corps sans regularite apparente, raremcnt selon un plan 
de symetrie. 

Le poil dll ventre des Cobayes domestiques agouti, du moins de ccux 
cpie nous avons eus en elevage. n*est pas du type agouti proprement 
dit, c’est-a-dire qu’il ne possede pas la bague caracteristique; il est bi- 
colorc montrant une demarcation cn une zone proximale et une zone 
distale de teintcs diff(5rentes. Cette disposition aurait repousse la 
bague a I’extrenie limite du poil en sorte qu'elle n'est plus apparente. 
Cette difference de conformation entre le type de pigmentation du 
dos et celui du ventre est importante en ce qui concerne la repartition 
du pigment, action qui s’avere comme pouvani et re localisee selon les 
deux territoires, dorsal et ventral (Pictet 7). 

L’o r i g i n e d u Cobaye d o m c s t i q ii c est tres discutce. 
On admettait jadis qu'il d^Tivait du Cavia aperea] mais leurs dif¬ 
ferences squelettiques, surtout craniennes, les t4oigncnt trop Tun de 
Tautre. D'autre part Ton ne saurait lui voir une ascendance de rii- 
fcsccns, puisque, dans les croisemenls de cette espece avec le Cobaye 
domestique, les hybrides males sont steriles (Detlefsen). 

Nehring, reprenant une opinion de J. Geoffroy Saint-Hilaire 
(cf. 5), pense que Tespece domestique proviendrait des formes du 
Perou, en particulier de cutleri, ce qui est egalement Topinion de 
Castle et de Blaringhem et Pri^vost. Ce qui semble appuyer cette 
hypoth^se, e’est Texistence au sein de la race domestique, des formes 
panachees dont le brun et le feu pourraient bien d6river du facteur 
pour le brun qui conditionne la couleur de la bague chez cutleri. D'ail- 
leurs, les croisements de celui-ci avec le Cobaye domestique sont fer- 
tiles, aussi bien pour le mMe que pour la femelle. 

Castle, dans un voyage au P6rou, s'etait propose la recherche de 



362 


ARNOLD PICTET ET MLLE A. FERKERO 


I’ancetre sauvage du Cobaye domestique. II ddmontra que Tancetre 
principal, sinon le seul, serait le Cavia cutleri du P6rou vivant dans la 
region oil, depuisun temps immemorial il est eleve k I’etat domestique. 
Castle a eu egalement entre les mains la race sauvage de TEtat d*Ica 
que Tschudi avait determin^e comme appartenant k I'espece cutleri, 
En realite, cette race d’Ica, de la taille du Cobaye domestique et dc 
couleur agouti-dore, est une forme marronne nettement heterozygotc, 
qui renfermc a ret at domine beaucoup de mutations regressives deja 
connues chez les races eievees en captivite. Par de nombreux croise- 
ments entre le Cavia cutleri et la race domestique d’Arequipa, Castle 
et Wright ont eiucide la constitution genetique des Cobayes. 

P. Waterhouse estime d'autre part que le Cavia porcellus [cobaya], 
le C. aperea et le Cavia cutleri peuvent etre tons places dans la memo 
espece. Par contre, Darwin, en .se basant sur le fait qiCun genre dis¬ 
tinct de Poux infeste chaque espece, tient I’espece Cavia aperea 
comme n’etant pas I’ancetre du ('obaye domestique. Pour sa part, 
(iiEBEL place plusieurs formes de Cavia dans Tespece aperea ct pense 
que rufescens n'en est qu'une variate. 

Quant a Thomas, il doute que aperea et rufescens soient les ancetres 
de cobay a, 

Ainsi qiCon le voit, la que.stion de Torigine du Cobaye domestique 
est loin d'etre elucidee. D’apres lY'tude des deux males d^aperea que 
nous avons eus en main, et dont une etude genetique dans des croisc- 
ments avec le Cobaye domestique forme le sujet de ce Memoire, il 
semble que I'espece aperea serait repre.sentee par plusieurs varit^tes 
dont rufescens pourrait etre Tune d'elles. 

D’apr^s les r6sultats des croisements qu'ont poursuivis Blaring- 
HEM et Provost, ces auteurs presument que le Cavia cutleri ne .serait 
peut-etre qu'un hybride fecond entre le Cavia aperea ej le Cobaye 
domestique a Buenos-Ayres. Ce n'est pas ce qui ressort des rdsultats 
du croisement que nous avons realise entre le Cavia aperea et le Co¬ 
baye domestique k Geneve, dont les hybrides sont totalement diffe- 
rents du Cavia cuUleri. 

Un caract^re qui semble commun aux types sauvages et qui se place 
en nette opposition chez le Cobaye domestique, e’est leur extreme 
timidity et leur etat craintif. C'est 6galement leur 
agilite et la vivacity de lours mouvements qui leur permettent 
des bonds en hauteur. Blarixghem et Provost ont montr6 que la 
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timidite et la vivacity des parents sauvages sont transmissibles par 
h6r6dit6 dans croisement avec le Cobaye domestique. On verra que 
c*est 6galement a ces conclusions qu'aboutissent nos travaux avec le 
Cavia aperea. 

Un autre caract^re des Cobayes sauvages, qui se place egalement en 
nette opposition chez Tespece domestique, r6side dans leur faculty 
d’6mettre des sons plus ou moins vifs, dans certaines circonstances de 
leur vie, par exemple au moment du rut ou lorsqu*ils sont effray6s. 
Dans les cas de frayeur, ils font entendre un sifflement aigu, carac- 
t6ristiquc, que nous avons particulierement remarqu6 chez aperea, 
de meme quo Fernandes (Miguel). Les Cobayes domestiques se con- 
tentent, dans les memes circonstances, de produire un certain roule- 
ment de la voix, une sorte de roucoulement prolonge qui n'est pas com¬ 
parable au sifflet des sauvages. 

Signalons encore que Turine des aperea a une odeur tres prononcee 
de muse, que produit egalement Turine des hybrides. Enfin un autre 
caractere particulier, e’est que les aperea et leurs hybrides sont refrac- 
taircs aux puces de Tespece cobay a. 

Ces diverses particularites se sont montrees hdritables dans la des¬ 
cendance du croisement C. aperea x C. cohaya, ainsi que nous le con- 
staterons au cours de ce Memoire. 


chapitre premier 
MORPHOLOGIE GENERALE 


Notre materiel. 

En 1923, M. Robert Strohl *) voulut bien nous ramener de 
Buenos-Ayres huit Cobayes sauvages de la R^publique Argentine de 
I'esp^ce Caviu aperea d’Az., dont trois seulement arriverent vivants 
a Geneve, deux miles et une femelle. Ces trois animaux, de forme fian¬ 
cee, dont le crine etait allong6 et aminci, le corps fusiforme, le pelage 
gris cendr6 au dos et cr^me au ventre, appartenaient bien a Tesp^ce 
Cavia aperea de la R6publique Argentine, du. Br6sil et de la Bolivie. 
C’6taient des animaux dou6s d’une grande agility, capables de faire des 
bonds de 50 centimetres en hauteur, ce qui nous obligea a un dlevage 


I) Fr^re du Prof. Jean Strohl de Zurich. 
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dans des cages sp^ciales, munies de perchoirs. Ils ^taient d*une grande 
timidity. 

La femelle, malheureusement, parvint a s'^chapper dans les jardins 
de la Station de Zoologie experimentale oil il fut impossible de la re- 
frouver. Les deux males furent unis k plusieurs femelles de Tespi^ce 
domestique, Cavia cobaya Marcg. Des croisements avec Tun de cei 
miles naquirent des hybrides qui furent la soiiche de nombreuses 
generations. 

II est important de rappeler que toute la descendance (plusieurs 
milliers de sujets) que nous avons obtenue du croisement (^,aperea X 

cobaya provenait d'un seul mile aperea, done descendance unique- 
ment paternelle. Toutefois, nous pumes nous convaincre que les 
descendants de ces croisements presentaient, aussi bien chez les 
miles que chez les femelles, les memes caract^res de segregation. On 
pent done en deduire qu’aucun des facteurs en jeu n’etait ,,sex- 
linked*'; nous n'avons d'ailleurs jamais remarque que tel eut ete 
le cas au cours des multiples generations qui ont evolue dans ces eie- 
vages. 

En sorte que Tabsence d’une descendance maternelle (qui aurait ete 
celle d'une mere aperea avec un cJ cobaya) n'apparait pas comme ctaiit 
de nature a alterer beaucoup les deductions que nous avons pii tirer 
d’une seule descendance paternelle. 

Les deux males sauvaffes aperea 

Les caracteres du pelage de ces deux males representaient cxacte- 
ment ceux de I’espece aperea d’Az, tels qu’ils ont ete decrits en syste- 
matique. Le dos et la partie externe des pattes etaient bien d’un 
agouti cendre uniforme, tandis que le ventre et la partie interne des 
membres, ainsi que la face infericure de la tete, se montraient d'une 
couleur creme pile. De chaque cote du cou, on pouvait remarquer un 
petit triangle gris-creme dont Tangle superieur atteignait les yeux, 
qui etaient d’un noir-roux brillant. En outre, une petite tache foncee 
surmontait Textremite du museau. 

Le pelage du dos appartenant au type classique du poil agouti 
avec bague subterminale, presentait tous les caracteres qui mar- 
quent la dilution (Pictet 8), e’est-a-dire que le poil, muni d’une large 
bague jaune-pile, allait se decolorant graduellement jusqu’i la base, 
oil il etait incolore. Quant au pelage du ventre, depourvu de la bague 
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traditionnelle, il pr6sentait deux teintes distinctes: creme k la partie 
basilaire et cr^me virant sur le blanc a la partie proximale. 

Rude et un peu rigide, le pelage etait l^gerement dress6 sur la t^te 
et aux joues tandis que, couch4 en direction ant6ro-post6rieure sur 
le dos, il pr6sentait une apparence lisse marquant une nette depression 
nucale. A la partie posterieure du dos, le pelage, legerement plus long, 
etait agence de fa^on k former une croupe se terminant a angle droit 
(photo I et II). 

Cependant, en dehors des caracteres g^neraux, les deux males 
n*6taient pas absolument identiques sous le rapport de leur aspect 
exterieur. 

L*un d’eux (photo no. I) etait sans doute d*un kge plus avance que 
Tautre, ce que denotait sa maigreur gen^rale et sa nature ralentie. En 
plus, son poil, mat, temoignait de son etat maladif; il etait, probable- 
ment a la suite d*une morsure, borgne de Toeil gauche qui suppurait. 
Il flit quand meme, ainsi que nous le verrons, celui qui devint Tunique 
ancetre de toutes nos lignees *). 

L’autre mllle (photo no. II), par ses formes arrondies, donnait an 
contraire I'impression de la sante et de la jeunesse; la forme de sa tete, 
la taille et la jxisition des oreilles, un net raccourcissement de la lon¬ 
gueur du museau, le diffcrenciaient un peu du premier. Il apparte- 
nait sans doute a une variete de Tespece. 

IVIais, k part ces caracteres de detail, ces deux m^les presentaient 
Tun et Tautre la caracteristique morphologique de I'espece apereu: 
corps mince, fusiforme, tete amincie, depression nucale, museau al¬ 
longe et pointu, croupe se terminant en un angle droit, pattes minces 
et allong^es, ongles menus s’allongeant et se recourbant avec I’^ge. 

Si Ton juge d'apr^s ce que nous avons observe des moeurs de ces 
deux m^les en captivite, on serait tent^ de conclure que les repr6sen- 
tants de Tesp^ce Cavia aperea sont, dans leur 6tat nature!, paisibles 
et indolents, ainsi que I’affirme Rengger. Et c*est bien, en effet, de 
cette fa^on que se sont comport6s nos deux m41es. Cependant, dans la 
suite des unions du mile no, 1 avec des femelles du Cobaye domestique, 
nous pfimes remarquer que les hybrides ne manquaient pas de se 

1) Au depart de Bu^nos>Ayres, Tenvoi se composait de 6 Cobayes, mis tous 
ensemble dans une mdme caisse. Les batailles auxquelles ils se livrdrent et dont 
se divertissaient les matelots, an^antirent 5 betes; e’est sans doute au cours de 
CCS combats que le no. 1 fut bless^ k I’oeil. 
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montrer agressifs et parfois m6chants, d’une extreme vivacite, d'une 
agilite et d’une force musciilaire peu communes, leur permettant de 
faire des bonds en hauteur et de grimper le long des grillages comme les 
rats peuvent le faire. En outre, poses sur le sol, on les voyait courrir 
a\'ec une grande vitesse. 

Bien entendu, la possession de ce caractere des hybrides fut I’objet 
d’une segregation mendelienne compliqu^e, en individus vifs et agres¬ 
sifs et en individus calmes et tranquilles, avec tous les intermediaircs, 
jusqu'au caractere le plus doux et pacifique. 

Les femelles de Cavia cohaya P. 

Nos deux m^les d*aperea furent mis en presence de femelles du Co- 
baye domestique prises parmi celles appartenant k nos elevages depuis 
de nombreuses annees. C’etaient des lemelles telles qu’on les trouve 
habituey^ent dans les clapiers et les instituts d’Europe (photo 3). 

Le mk\e no. 1 en eut sept, le no. 2 en eut quatre. Les accouplements 
se firent facilement. Toutefois, les femelles f6cond6es par ces deux 
miks eurent beaucoup de peine a procreer et leurs mises-bas parurent 
j)6ilibles. 

La raison en est que la penetration du spermatozoide d*aperea dans 
les ovules de cohaya a pour effet de provoquer le developpement 
d’embryons passablement plus gros que I’embryon habituel des femel¬ 
les du Cobaye domestique, en sorte que les voies vaginales de ces der- 
nieres ne parviennent pas a un eiargissement suffisant pour livrer 
passage au foetus, qui meurt avant la naissance. Deux alternatives se 
presentent alors: 

1. La mere resorbe scs embryons. Dans ce cas, une fois la resorption 
terminee, il semble que la femelle soit devenue dans un dtat plus pro¬ 
pice pour procreer k nouveau, par le fait que la premiere tentative 
aurait prepare les voies pour la reussite d’une nouvelle portee 

2. La mere meurt sans pouvoir mettre-bas. 

De I’un de nos deux males (no. 2), il nous fut impossible d’obtenir 
une descendance avec les quatre femelles de cohaya qui lui furent 
destinees, et qui moururent apres avortement. L’une d’elle, panachee, 
reunie k ce mile le 30 novembre 1923, avait avorte le 16 f^vrier 1924 
pour perir deux semaines apres. Une autre, albinos, reunie k ce mile 
e 15 janvier 1924, 6tait morte le 28 mars 1924 sans avoir pu mettre- 
bas. Quant i la troiskme, qui etait du type agouti, elle mourut dgale- 
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ment sans avoir pu mettre-bas. Avec la quatrifeme femelle, une pana- 
ch6e noir-feu-blanc, un r6sultat put ^tre obtenu: accouplde le 29 fe- 
vrier 1924, elle mit bas le 20 juin de la meme annee un petit mort-niS, 
quoique bien constitu^, du poids de 150 grammes; mais un nouvel 
essai n*eut pas de suite, la mere 6tant morte sans avoir pu mettre bas 
ses embryons. 

L'autre m^le, heureusement, finit par avoir une belle progeniture, 
bien que cela n’ait pas 6te sans peine. Cinq femelles du Cobaye domesti- 
que lui furent attributes, qui toutes commencerent par resorber les 
embryons produits par le premier coit, apres quoi elles donnerent la 
descendance suivante: 



3 

9 

Morts-n<5s 

$ cobaya no. 678 panachte .... 

1 

4 

0 

? „ „ I68iigouti. 

2 

0 

4 

$ ,, ,, 820panachte .... 

I 

2 

0 

? „ „ 834 „ .... 

2 

3 

4 

9 ,, ,, 263 albinos. 

1 

0 

1 

soit en tout 25 hybrides. 

7_ 

_ ^ 

9 ■" 


Les hyhrides Fi. 

Tous ces hybrides, sans exception, quelle qu'ait ett la couleur du 
I^clage de la mtre cobay a, etaient des agoutis uniformes au pelage gris 
cendrt, un peu plus fonce que le pelage de Vaperea, au poil lisse, couche 
en direction anttro-posttrieure, comme e’est le cas de Tespece cobaya 
(photo 4). La couleur du ventre etait d'un jaune p41e, teintt de roux. 
On notera en passant que le croisement aperea x cobaya confirme 
la dominance de Tagouti sur le non-agouti. 

En 1910, Blaringhem et Prevost avaient obtenu 11 hybrides du 
croisement d'un mile aperea avec 4 femelles cobaya albinos. Ces 11 
petits prtsentaient la meme teinte uniforme roux (agouti dore), qui 
n'est pas celle du pfere (agouti cendrt), mais bien celle du Cavia cut- 
Icri du Ptrou. Or ces hybrides sont demeurts constants, sans qu'au- 
cune stgrtgation des caraettres parentaux ne se soit manifestee dans 
la descendance. Dans d'autres croisements d'un mile cuttleri, avec 
une femelle cobaya brun-roux, ils avaient obtenu 3 jeunes,brun-roux 
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et un quatri^me gris, mouchet6 de blanc. Avec un troisidime m41e 
cuUeri crois6 avec des femelles albinos, ils avaient obtenu uniquement 
des p)etits albinos. On voit que ces r&ultats ne concordent absolument 
pas avec les nbtres (tons les hybrides gris cendr6 et disjonction de tons 
les facteurs dans leur descendance). 

Plus tard, en 1914, Detlefsen avait op^r^ sur une autre esp^ce, le 
Cavia rufescens qu*il avait crois^ 6galement avec des femelles du Co- 
baye domestique. Contrairement aux r&ultats de Blaringhem et 
Provost, la descendance du croisement fait par Detlefsen participa 
bien d’une segregation des caracteres en jeu, quoique seules les fe¬ 
melles aient ete fertiles. 

Comme on peut s*en apercevoir, retude de la descendance des 
Cobayes sauvages croises avec des Cobayes domestiques met en 
evidence bien des probiemes contradictoires. 

La coloration generate des hybrides que nous 
avons obtenus appartient nettement au type agouti uniforme (photoS). 

Le pelage du dos est d'un agouti gris4tre proche de Tagouti cendre 
de Vaperea, seulement une reserve s4mpose en ce qui concerne la lon¬ 
gueur du poil suivant les diverses regions du dos considerees. Le poil 
aperea est fortement dilue k la base et c’est cette decoloration basilaire 
qui confere surtout a i’animal sa teinte cendree. Le Cobaye domesti¬ 
que, au contraire, a le poil generalement court, non decolore k la base; 
rhybride Fi a, de meme, le poil court non decolore a la base. C'est 
ce qui fait que son peldge prend un aspect un peu plus sombre et moins 
cendre que ce n’est le cas chez Vaperea. On voit ainsi que le facteur qui 
regit la decoloration basilaire (dilution) est apporte par Vaperea 
comme recessif, tandis que le cobaya en apporte Tantagoniste comme 
dominant. L'hybride se trouve done posseder un poil court, non de¬ 
colore k la base. • 

Le pelage du ventre participe d’une autre combinaison factorielle. 
Uaperea a le ventre erdme; Thybride Ta jaune-roux. II est facile d’in- 
terpreter la formation de cette teinte comme provenant de Tinterac- 
tion des g^nes pour le roux que portaient les femelles de cobaya, soit 
dans leur pelage agouti soit dans leur j)elage panach6 noir-feu blanc. 
Nous avons vu que le <J aperea portait le facteur de dilution, lequel 
serait intervenu k son tour pour changer le roux en feu. 

On voit ainsi comment a pu se produire la teinte agouti dor6 dans 
les croisements effectu6s par Blaringhem et Provost. 



Photo 1 - Ancctre 



Photo 5. - Hybride Fi {du meme croisement) 


Photo 4. - Hybnde Fi du croisement 
C. iiperea J x C. cobaya 



Photo 7 - Type aperca reconstituc en F; 





Photo 6. <- Reconstitution dc 4 classes en 



Photo 8. - Type Mnouveautc " forme 
par la combinaison aperea - cobaya a 
la generation Fa 
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Nous donnons au tableau 1 le detail des caracteres compares du 
aperea, des 5 femelles cohaya qu’il a rec^ues et des hybrides qui 
sont issus de ces unions. 

Comme on le voit, la diversity et le nombre de ces caracteres ren- 
daient une analyse g^n^rale impossible. II devenait done necessaire 
d*etablir des groupements de caracteres de meme nature, selon leur 
imp)ortance relative et selon leur appartenance a telle partie, ou k 
telle fonction de Torganisme. Consid6rant les diverses combinaisons 
possibles, dont la descendance ne tarda pas a nous r6v61er Texistence, 
nous fumes amends a ^tudier a part Tanalyse des caracteres de la 
morphologic g<5n^rale. Nous voyons que les caracteres qui distinguent 
le Cavia aperea du Cavia cobaya se rattachent : 

1. au tronc (fusiforme ou ovoide) 

2. a la tete (mince ou epaisse) 

3. k la forme, la taille, la position et recartement des oreillcs 

4. a la presence ou a I’absence dc la depression nucale 

5. k la forme de Textremit^ post6rieure du corps 

6. a la forme et a la longueur des pattes 

7. kVd forme des pieds et des ongles 


DrtTERMINATION DES CLASSES DE SEGREGATION POCK LA MORPHOLOGIE 

genErale 

Si Ton se reporte au tableau 1, on se rendra compte que les carac- 
tcres fondamentdux qui differencient, en syst^matique, le Cavia 
aperea du Cavia cobaya sont ceux qui constituent la charpente generale 
du corps et qu'on peut y reconnaitre Taction de deux couples d'anta- 
gonistes: corps fusiforme — corps ovoide, d'une part; oreilles petites, 
serrees — oreilles larges, 6cart6es, d’autre part. L'hybride Fi, qui est 
ovoide avec les oreilles petites, serrees, justifie Texistence de ces deux 
couples d'antagonistes et fait en outre nettement ressortir la presence 
de deux dominances. 

Nous avons ainsi une base excellente, capable de nous diriger dans 
la determination des classes de segregation dans le sens d’une dissocia¬ 
tion dihybride en quatre classes de segregation, Voyons comment 
pourraient se presenter ces 4 classes en. considerant chaque groupe 
avec son alieiomorphe possible. Nous pro^sons; 

Genetica XXV 


24 
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Corps ovoi’de, pouvant ^tre d6sign6 par: C 
Corps fusiforme, apparait comme all^Iomorphe possible: c 
Oreilles larges, ^cartdes, pouvant etre d&ign^ par: S 
Oreilles petites serr^es, apparait comme all^lomorphe possible: s 
Ainsi consid^r(5, on suppose que la dissociation des facteurs ferait 
ressortir quatre classes, soit les classes cobaya, aperea et hybride, avec 
formationd'uneclasserepr^sent^eparune nouveaut^. Dansces 
conditions, la repartition des symboles pourrait s'etablir de la fa 9 on 


suivante: 

hybride ovoide 

c — 

petites oreilles 

s Cs 

cobaya ovoide 

c — 

larges oreilles 

s = cs 

aperea fusiforme 

c — 

petites oreilles 

s = cs 


nouveaute fusiforme c - larges oreilles S == cS 

Tableau I. Croisement ^ aperea x ^^cobaya 
Caracteres fondamentaux considerh 

^P. aperea $$ cohaya | hybrides Fi 

3 panach^H^s 1 agouti 1 albinos 
nos 678, 820 roux-brun 

834 no. 168 no. 263 


morphologic gen^rale. . . fusiforme ovoide ovoide ovoide ovoide 

tfite . allongee courte, mas- courte, mas- courte, mas- intenue- 

sive sivc sive diaire 

museau. pointu large large large d® 

oreilles.petites, ser- gdes, 6car- gdes, 6car- gdes, 6car- i)etites, scr- 

r6es t6es t6es tees r6es 

tronc . 6lance ramass6 ramasse ramasse intermediaire 

depression nueale .... positif. negatif. n<4gatif. n^gatif. negatif. 

extr6mit6posterieure. . . anguleuse arrohdie arrondic arrondie arrondie 

pattes . longue^ epaisses 6paisses 6paisses intermedia!- 

res 

pieds. effil6s courts courts coifrts effil6s 

{ s’allongeant sans change- sans change- sans change- s’allongeant 
et $e recour- ment avec merit avec ment avec et se recour- 
bant l*age I’age I'age bant 

nature du pelage dorsal . . henss6 lissc lisse lisse lisse 

conformation des poils . . bagu6s non-bagu6s bagu6s non-bagu6s bagu4s 

coulcur du pelage-dos . . agouti-cendr6 non-agouti agouti-fonr6 albinos agouti roux 
,, „ ,, -ventre . blanc-cr6me d® roux d® agouti-gris. 

poids moyen adulte . . . 650 gr. 800 gr. 800 gr. 800 gr. jusqu’i 1750 

gr- 

{ craintifs, sau- apprivois6s apprivois6es apprivois6s craintifs, 

teurs, grim- non-sauteurs non-sauteurs non-sauteurs agressifSf 
peurs sauteun 

r6flexe arrifere-train . . . positif negatif n6gatif negatif poaitif 

r6fractaires aux puces . . positif n6gatif negatif negatif positif 

voix. crie aphone aphone I aohone crie 
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pour autant que cette repartition corresponde aux chiffres r^alis^s 
a la g 6 n 6 ration F 2 *). 

Le croisement du (J P,aperea x cohaya s'etait pr^sent^ comme 
suit: 

Gin^ration P. ^ aperea x 5 $$ cobaya = 25 hybrides (9 morts- 
n^s). 

G£n 6 ration Fj. Les hybrides, tous semblables, agouti uniforrae 
cendr 6 , un peu plus fonce que le pere aperea, an poil court, au corps 
ovoide, par consequent de la forme du cobaya, avec petites oreiUes. 

Generation F 2 ((J hyb. Fi x 9 hyb. Fi). 

Elle est repr^sentee par diverses formes d'individus dont le pelage 
est agouti de diverses nuances ou panache, noir, ou noir et blanc; 
parmi ces formes on reconnaft nettement qu*il s*est produit une se¬ 
gregation qui fait ressortir les 4 types fondamentaux de morphologic 
glnerode sous chacune des formes de pigmentation; Nous pouvons en 
consequence en dresser la liste comme suit: (Fig. 2 , p. 375) 



nombre 

calculi 

9 : 3 : 3 : 1 

classe comprenant tous les individus du type 
hybride. 

91 

90 Cs 

,, comprenant tous les individus du type 
cobaya . 

32 

30 CS 

,, comprenant tous les individus du type 
nouveaute. 

29 

30 cS 

,, comprenant tous les individus du type 
aperea. 

12 

10 cs 


164 

160 


La determination exacte des individus appartenant k chacune de ces 
quatre classes a ete faite d^apr^s le precede indique plus loin des p r o- 
filsenprojection. 

Les chiffres obtenus concordent done absolUment avec les previ- 

1 ) Ces chiffres ne se rapportent qu’au caract^re de la forme du corps sans tenir 
compte des caract^res particuliers de la tSte (longueur, largeur), des pattes et du 
pelage, qui feront Tobjet d’une ^tude k part par le moyen de Tanalyse des cor¬ 
relations entre leurs facteurs et ceux du corps (voir chap. Up. 394). 
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sions ct confirment Texistence des deux allelomorphes supposes; ils 
montrent que la dissociation des facteurs en jeu a pu s*opercr en quatre 
classes dont deux renouvellent, dans la descendance, les deux formes 
parentales, dont une reconstitue la forme hybride et dont la quatri^me 
cree une forme nouvelle caract^risde par im corps fusiformc (aperea) 
ct de larges oreilles (cobaya) (photo 6). 

D’apres notre hypoth^se, cobaya correspondrait a la formule CS. 
Une confirmation peut s’en trouver dans Ics r6sultats des c r o i s e- 
mcnts en retour. Comme nous ^tions obligfe, vu le petit nom- 
bre de $$ hybrides, de les conserver toutes en vue d'obtenir une nom- 
breuse F 2 , le croisement en retour a du etre pratique par I'union de 
hybrides Fi avec des femelles de cobaya etrangeres a la lignee, non^ 
apparentdes, done Iwnozygoies pour le caractere morphologiqiie con- 
sidere. 

Void Ic r^sultat de ces opc^rations: 


Croisement s en retour 



nombre 

calculo 1 : 1 

1 

5 hybrides Fi x 19 cobaya i 

i 

1 

(non-apparentees) 

ensemble des individus du type hybride obtenus 

91 1 

51.40‘>o 

ensemble des individus du type cobaya 

86 

48.60“;. 

individus du type nouveaut^ ,, 

individus du type aperea 

0 

0 

T77 

- .. 


On sait que les croisements en retour dans le cas d*une dissociation 
dihybride font ressortir le type hybride et le type parental dominant 
cn 6galit^ numdrique k Texclusion complete des deux 
autres classes. 

Dans le cas present, cette dissociation de facteurs r^pondrait k 
rdquation; 

5 eJeJ hyl^rides CcSs X 19 $$ cobaya CCSS = 1 CCSS 1 

ICCSs ) 2 types cobaya 

1 CcSS 12 types hybri- 
1 CcSs 1 des 
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c’est-i-dire, Equation conforme aux r&ultats obtenus et etablissant que 
riiybride Fi correspond bien a la formule CcSs et le cobay a k la formule 
CCSS. 

En complement, nous pouvons fournir les chiffres obtenus par des 
croisemcnts realises avcc des individus de la F 2 et des generations de 
segregation el dont le detail cst porte aux tabelles en fin dii travail. 
Ces croisements confirment notre hypotliese. Nous tenons toutefois 
a reproduire ici les chiffres de Tun de ces croisements: 

Croisemcnt dc 24 couples choisis dans les generations F 2 et suivantes 
comme appartenant au type hybride, soit 13 ^ hybrides supposes et 
24 $ hybrides supposecs, ayant prodiiit: 



nombre 

calc 11 le 

9 : 3 : 3 : 1 

appartenant au type hybride . 

72 

72 

,, ,, ,, cobava. 

20 

24 

,, ,, ,. nouveaute. 

19 

24 

,, ,, ,, aperea.1 

1 

1 

13 

124 " 

8 


approximation suffisantc pour confirmer notre interpretation, malgre 
le chiffre trop eievc du type apcrea reconstitue (photo 7). 

On retiendra I'interet que jnesentent ces derniers chiffres (lui mon- 
trent la persistance de la condition dihybride dans la suite des gene¬ 
rations. 

II nous faut cependant faire une reserve cn ce qui concerne les clas¬ 
ses nouveaute: cS et aperea: cs, dont les resultats ne se sont pas 
rnontres absolument conformes a ce qu'ils auraient du etre, en raison 
du fait que les intermediaires entre ces deux formes, souvent fort voi- 
sins, laissent prise k quelque confusion. (Photo 8). On consultera a 
ce sujet les courbes de correlation. 
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DISSOCIATION DES FACTEURS CONDITIONNANT LE TRONC 


MHhode des profits en projection (fig. 1 et 2) 

Nous partirons du principe que, chez les Mammif^res, c’est le tronc 
qui constitue la partie importante de la charpente du corps. La t^te 




Pig. 1. — Croisement ^ C. aperea x C. cobaya. — Profils en projection. — 
a) ^ aperea P; h) $ cobaya ; c) hybride |. — 4 : quatre classes de segregation ; 

d) hybride: e) cobaya: f) nouveaute; g) aperea. (Bericht der Schweiz. Ges.sell$cli. 
fUrr Vererbungsforsch. S.S.G. 1945). 


et les pattes, qui se branchent sur le tronc, appartiennent par conse¬ 
quent k Torganisation de celui-ci. Nous prendrons comme base les 
dimensions du tronc calculees selon un systeme ad^quat pour chaque 
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classe. La mdthodc qui nous a amends a determiner les dimensions 
comparees des differentes parties du corps, est la suivante: 

Le Cobaye k considerer est chloroform e, puis 
place, sur le c6te, sur un plan horizontal. Avant 
que le corps ait acquis la rigidite cadaverique, 
il est etaie dans la position qui mettra le 
mieux en evidence les dimensions k mesurer. 
Une fois devenu rigid e, il est place sur une 



P'*ig. 2. JVofil en projection; m<5thode de mensurations. 


feuille de papier sur laquelle on en prend le 
contour. Les points extremes sont marques par 
la p i q u r e d*u n e e p i n g 1 e. De cette fagon on obtient un 
exact profit en projection sur lequel les mesures pourront etre prises et 
calcuiees en rapport avec les autres parties du tronc. 

Une ligne medio-longitudinale A.B. (fig. 2) allant depuis le point 
marque comme place de Tanus jusqu'4 la limite du cou, servira pour 
la mesure de la longueur du tronc. La limite du cou est elle-meme de* 
terminee par la ligne C.D. qui va de la mai:que de repingle placee 
derriere les oreilles k celle placee derriere le menton, le point B etant 
situe k la moitie de cette ligne. Pour ge qui est de la hauteur d u 
tronc, une perpendiculaire E.F., partant de la moitie de la ligne 
A.B., la marquera exactement. 



376 


ARNOLD PICTET ET MLLE A. EERRERO 


Le rapport longueur-hauteur nous donnera un indice qui, 
suivant son chiffre, nous renseignera sur la corpulence de I’in- 
dividu mesure. L’analyse de Tensemble des indices nous fournira les 
elements capables de determiner les rapports de proportion existant 
entre les diverses parties. 

Une niethode uniforme dc comparaison etant seule en dtat de con- 
duire a une juste interpretation des resultats, nous avons adopte le 
systeme de calculer les rapports de dimensions en fonction de 
la longueur du tronc. 

Les dimensions de la tete constituent Tune des princi- 
pales caracteristiques du genotype. Le rapport longueur tronc: lon¬ 
gueur tete (AB : GB) donnera une bonne indication de la longueur de 
la tete, mais pour ce qui est de sa largeur, qui ne peut etre evaluee par 
la methode des profils en projection, nous la determinerons par un 
proedde special qui sera indique dans la suite. 

Quant aux dimensions des pattes, la piqure de I’epingle 
marque'la limite extreme du membre. Celui-ci doit se mesurer depuis 
cette limite jusqu'^t un point determine des ceintures pelvienne et 
scapulaire (K et K') qui ne peut etre precise exactement sur le profil 
cn raison du developpement en epaisseur de ces ceintures. Force est 
done de choisir un point conventionnel (K au 1/4 de la longueur du 
tronc k partir de I’anus et K' dans le voisinage immediat de repaulc, 
pres de la ligne limite du cou). Ces deux points etant dans la meme 
proportion de distance pour chaque individu consider^, Tindice qui en 
sera calcule donnera la valeur comparative de la longueur des pattes 
en fonction de la longueur du tronc. 

Dimensions comparees du tronc 

Les caracteristiques morphologiques^u tronc 
sont donn^es, suivant la methode des profils, par les rapports lon¬ 
gueur: hauteur, calculus en centimetres. A part les morts-n 6 s et les 
adultes que nous avons du conserver vivants pour la reproduction, 
presque tous les individus issus de nos croisements jusqu'e, la F 3 ont 
6 t6 „profiies”, en general, vers Vkge de deux quatre mois. En void 
la liste: > 

1. 7 individus cJ et ? hybrides Fi 

2. 14 ,, (J et $ cobaya non-apparentes 

3. 165 ,, c? et $ provenant du croisement hyb. Fi X hyb. Fi 
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4, 129 individus cj et ? des generations de segregation 

5. 26 ,, cJ et ? contrdies comme apcrea de segregation. 

Lc controle cks individus de la classe aperea reconstitues en F 2 et F 3 
se fait normalement en consideration du fait que cette classe est com- 
pietement recessive et ne repond qii*a une seule formule ccss. En sortc 
qu'il est facile de determiner par leurs caract^res particuliers les in¬ 
dividus de cette classe. Si, cependant, elle est ressortie avec un chiffre 
un peu trop eieve, cela tient, comme deja dit, au fait que les extremes 
de cette classe sont parfois tres voisins de forme avec les extremes clc la 
classe nouveaute, ce qui peut provoqucr de l^.geres confusions. 

Nous commencerons par donner la liste des rapports moyens pour 
chaque genotype. L’i ndice le plus grand marque une 
forme d u c o r p s p 1 u s a 11 o n g e e, c’e s t-a-d ire m o i ri s 
m a s s i e. 


Tableau 2. Tableau comparatif des dimensions de corpulence 



longueur 
du tronc 

hauteur 

indice 

C'.aperea ancetre cle la . 

14.5 

7 

2.07 

C.aperea cJ, sans descendance. 

16.5 

7 

2.30 



nombre 

in dice le 
plus faible 

indice le 
plus fort 

moyenne 

globale 

et $ C.cobaya, non apparentes . 

14 

1.70 

2.12 j 

1.87 

et $ hybrides F|. 

7 

1.81 

2.05 1 

1.94 

et $ classe hybride provenant du 

j 


! 


croist. hyb. bi x hyb. . . . 

91 

1.65 1 

2.85 

2.25 

classe cobaya. 

32 

1.65 i 

2.50 

2.07 

classe nouveaute. 

29 1 

2.25 

2.85 

2.30 

classe aperea. 

13 

2.30 

2.75 

2.50 

cJ et ? individus du type hy bride 





reconstitues & Fi. 

72 

1.70 

2.85 

2.27 

classe cobaya. 

24 

1.80 

2.60 

2.17 

classe nouveaute. 

23 

2.-' 

2.60 

2.54 

classe aperea. 

et $ du type aperea pris dans les 

10 

2.40 

2.85 

2.62 

generations desegregation . . . 

26 

1 .2.25 

2.85 

2.55 
















378 


ARNOLD PICTET ET MLLE A. FERRERO 


Les moyennes globales n’ont qu’une signification relative. Cepen- 
dant, en les groupant de la mani^re suivante, on obtient une juste 
appreciation des differences de corpulence dans chacune des classes: 


(L'indice le plus .grand marque tine forme plus allong^e (moins ovo'ide) 


Indices moyens pom les dimensions du tronc 


cJQ hyb. F, 

1.94 

^2 cobay a 

1.87 



aperea 

2.07 

hyb. a F 2 

2.25 

,, 

2.07 

nouveaute 

2.30 

k¥i 

2.50 

hyb. u F, 

2.27 


2.17 

h¥i 

2.54 

a Fa 

2.62 


A ne considerer que la forme g^nerale du tronc, ces chiffres font 
valoir les modalites de variation de cette partie du corps dans le sens 
plus, ou moins fusiforme. C’est le type cohaya qui a le tronc le moins 
allonge, done le plus ovoide (chez lequel le rapport longueur: hauteur 
est le plus faible). Vient ensuite le type hybride; Thybride Fi ressort 
avec un tronc de corpulence intermediaire entre les 
deux parents. Cet ^tat intermediaire se maintient au cours des gene¬ 
rations. Apres quoi, dans I'ordre fusiforme, vient le type nouveaute, 
puis le type aperea. On remarquera que I'etat de cor¬ 
pulence diminue jusqu^aFs dans chacune des 
classes. 

Cependant, ces donnees sont calcuiees d'apres les moyennes glo¬ 
bales et ne donnent par consequent qu’une idee reduite des modalites 
de variation. L'amplitude de variation pour chaque classe pent se cal- 
culer d’apr^s les courbes de frequence qui marquent les degres de va- 
riabilite et qui montrent que les genotypes extremes d’une classe se 
rapprochent de tres pr^s des genotypes de la classe voisine. Dans ce 
cas, la diagnose d’un caractcre secondaire est necessaire pcair le classe- 
ment du genotype. 

On constate ainsi que: 

Le croisement du Cavia cobay a, dont I’indicc 
moyen de corpulence calcuie sur un ensemble 
de sujets no n-a pparentes est de 2.05 (ovoide), 
avec le Cavia aperea dont I’indice moyen cal¬ 
cuie sur 26 sujets du type aperea (recessif) re- 
constitues, est de 2.57 (fusiforme), a produit des 
hybrides dont I’indiceestde 1.94 (ovoide). Ce qui 
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marque nettement la dominance de la condition ovoide sur celle fusi- 
forme. 

Examen des courbes de frequence (fig. 3 et 4 >) 

Les courbes pour les classes hybride de segregation, cohay a et nou- 
veaute, sont nettement bimodales ; la courbe concernant la classe aperea 
peut etre considdree comme presentant nn second petit sommet dont 



I'ig. 3. Profil du tronc. 


- Modes de fr<5quence des indices. Rapports: 


longueur 

hauteur 


A — dans la F 2 provenant des croisemcnts hybr. F, x hybr. I'l. 

( 1 ) B - dans la F 3 provenant des croisements entrc 24 types hybr. Fi contrdles. 
Indices k 1 cm. 


.. . I — classe hybride — - classe nouveaute 

--- classe cohaya classe aperea 

(1) La courbe B nV‘tait pas termin<?e. 


la faible elevation provient du petit nombre d'individus appartenant a 
cette classe. 

Nous voyons ainsi que chacune des classes ressort avec deux 
types de corpulence. La double forme de corpulence s’avere 
done comme dtant un caract^re de segregation, pirhsque les courbes 
concernant les parents (aperea et cohaya non-apparentes) et les hy- 


1 ) La figure 4 n'a pas pu 6 tre reproduite. 
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brides Fi sov\i monomodalcs, II s*agit done de rechercher comment Ics 
hybrides Fi, dont les variations de corpulence se traduisent par la 
formation d*une courbe monomodale aiiraient acquis, dans leur pa- 
trinroine chromosomique, leS facteurs constitulifs de deux types de 
corpulence? Et il nous apparait que Torigine de cette acquisition pour- 
rait se trouver parmi les femellcs cohaya donnees a Tancetre aperea. 
En efiet, parmi ces femellcs, quatre ont pu etre ,,profil6es” adultes. 
Cc sont: 

Type plutot ovoule plntot fiisiforme 

$834 indice 1.750 $678 indice 1.900 

$263 ., 1.818 $820 „ 2.100 

ayant introduit dans la descendance deux types de corpulence. La 
necessity ou nous fumes d'intensifier la descendance des couples liy- 
brides Fi nous amena, a la suite du deces des premiers males, k donner 
a quelques femellcs iin autre frere que celui avee lequel elles avaient 
commence de se reproduire cn sorte que les genotypes de segregation 
ont h(5rit^ le type de corpulence de deux femellcs diff6rentes de cobaya. 

Les unions entre individus de la segregation ont demontr6, con- 
formement aux previsions, que plusicurs couples cohaya < cobaya ont 
eu une descendance de 100% du type cohaya. Par contre, lescontroles 
du croisement nouveaute v nouveaute (ccSS et ccSs) n’ont pas donne 
des chiffres absolument conformes, en raison de la grande amplitude 
de variabilite de ce genotype qui presente de nombreuses formes 
intermediaires. 11 en est de memo en ce qui concerne le genotype 
qu’il ne nous a pas 6tc possible, en depit de sa r6ccssivite et malgre de 
nombreux essais, d’extraire dans son etat constant, en raison de la, 
variabilite de ses dimensions. C*cst egalement par suite de ces am¬ 
plitudes de variation, que nos essais d’union entre nouveaute (cS) et 
aperea (cs), n'ont pas donne de resultats bien representifs de Tune ou 
de Tautre classe. En effet, les produits de ces unions n'ont pas rc- 
constitue une forme nouveaute ou une forme aperea, mais des inter¬ 
mediaires varies. II faut considerer comme facteur de cette variabilite, 
le fait, dont il sera parle dans nos conclusions, que certains g^nes ne 
parviennent pas 4 s'exprimer. 




170 ».dO I,BO z 2.10 2.20 W02>02!50 2!60 

longueur 

Fig. 6. D — Profils du tronc-. — Modes de fr<5qucnce des indices:-dans 

hauteur 

les croisements en retour cJcJ hybr. F| x ?? cobay a non-apparentees. 

■■■I . . . . . classe hybride 

-classe cobaya 
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Dissociation des facleurs condiiionnant le tronc dans les croisements en 
retour (fig. Set 6). 

Cinq (J hyb. Fi (CcSs) ont unis a 19 $ cohaya non-apparent^es 
(CCSS); ces unions ont donn^ 177 individus se rdpartissant en: 

91 individus du type hybride 
86 ,, ,, ,, cobay a 

a I’exclusion complete des types nouveaute et aperea. Ces resultats sont 
done conformes aux previsions d*un croisement en retour het^ro-homo. 
Ils se traduisent selon une courbe bimodalc (fig. 6 D). 

L'exclusion complete des types morphologiques cS et cs dans les croi¬ 
sements en retour est le resultat parfaitement normal dc ia disjonction 
des g^nes: 

CcSs X CCSS = CCSS + eCSs + CcSS 4- CcSs 
hyb. cob. cob. cob. hyb. hyb. 


DISSOCIATION DES FACTEURS CONDITIONNANT LA MORPHOLOGIE DE LA 

TETE 

Longueur de la tete en fonction de la longueur du tronc 
Ainsi qu'on peut s'en rendre compte par les photographies (10 et 11), 
la tete de Vaperea se distingue dc celle du cohaya par des caracteres 
de structure bien definis, s'adressant k la forme generalc et k la taille, 
comparativement au tronc. 

Un des caracteres les plus apparents conceme la position des 
o r e i 11 e s qui sont beaucoup plus pres du sommet de la tete chez 
aperea que chez cohaya. Un autre signe distinctif est marque par la 
ligne frontale qui, relativement rectiligne chez aperea est 
leg^rement arrondie chez cohaya et nous observons que ce caractere 
est rectiligne chez Thybride ce qui en marque I'etat de dominance. 
La largeur du front, qui determine I’ecartement differentiel 
des^yeux, est egalement un signe important de diagnose. Ces caracteres 
differencient la largeur de la tete; leur analyse sera*faite 
ulterieurement. 

Rapports longueur du tronc: longueur de la tite (fig. 7) 

I/analyse des dimensions de la tete d'apres la methode des profils 
en projection en fait ressortir la longueur et la hauteur; cette etude 
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est faite en fonction de la longueur du tronc sur les memes sujets que 
ceux du chapitre pr&^dent. 

Les rapports provenant de la division de la longueur du trrmc pai 



classe a/)^rr^Ja-tfite-{reconstitu<5s) 
classe hybride Fi-tete 


celle de la t^te, indiquent que Ti n d i c e 1 e plus grand d e- 
signe une t^te qui, par rapport au tronc, est 
plus allong^e. Ces rapports ressortent comme suit: 
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Tableau 3. ~ - Indices moyens pour la tele 



N 

indices 

moyens 

amplitude 

^ aperea ancetre. 

1 

2,270 

2,500-3,250 

^ aperea sans descendance .... 

1 

2,240 

— 

^ $ aperea de segregation. 

26 

2,470 

2,500-3,250 

(;J $ hybrides Fi. 

I 5 

2,961 

2,750-3,100 

$ cobaya, non-apparentes .... 

1 

2,711 

2,266-3,250 


F 2 (provenant du croiscment hyb. Fi x hyb. Fi) 


classc hyb. Cs . . . 
„ cobaya CS . 
,, nouveaute cS 
,, aperca cs . . 


2,742 

2,780 

2,777 

2,500 


2,15-3,45 

2,10-3,30 

2,25-3,10 

2,44-3,05 


La tete la plus allongce par rapport au tronc est, cn moyenne, de- 
tenue par Thybride F|. Les hybridcs Fi sent ressortis avec une tete 
proportionnellement plus longue que ce n'est le cas des types hybrides 
dcs generations de segregation, ce qui en fait un caractere de luxu- 
riance. II faut cependant remarquer qu'ils sont plus grands de corps 
et Ton congoit qu*a un corps plus grand corresponde naturellement 
une tete plus allongee, sans que, pour cela, Tindice moyen marque une 
difference. 

On constat era que les rapports se maintiennent assez bien d’une 
generation a Tautre. 

Voyons maintenant ce que nous apprennent les courbes de fre¬ 
quence (fig. 8 et 9). La premiere observation qui decoule de cet exa- 
men fait ressortir les modalites d'une large amplitude de variation. 
Comme e’est le cas pour le tronc, on constate que chaque classe pos- 
sede deux types de tete ce qui se traduit par la formation 
d’une courbe bimodale, dont I’origine est la meme que pour 
la bimodalite des courbes concemant le tronc. 

On remarquera encore que le mode de variation tend a se stabiliser 
apres deux generations d’^ge, Le fait que le type aperca conserve ses 
dimensions de tete, alors que chez les autres types, cet organe subit des 
variations de longueur, montre le caractere constant de 
en opposition avec le caractere variable du cobaya. 
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Fig. 8. A' ct — Profils de la tSte. — Modes de frequence cles indices, 
longueur tronc 

Rapports:-0.01 par metre 

longueur t^te 

A' dans la F 2 provenant des croisements hybr. F| x hybr. F, 

(1) fV dans la F'j provenant des croisements entre 24 tj'pes hybr. controles. 

. . classe hybride - - classe nouveaute 

- classe ru6aya .. . aperea 

(1) La courbe B' n'^tait pas achevee. 

Dissociation des facteurs pour la tele dans les croisements en retour 

Le premier point qui frappe lorsqu'on examine les courbes de fre- 
<pience pour la tete dans les croisements en retour (fig. 9 D'), c est la 
parfaite analogic entre les modes: type hybride et type cobaya. On a vu 
que les classes nouveaute (cS) et aperea (cs) ne ressortent pas dans les 
croisements en retour, et que la dissociation des facteurs fait ressortir 
le type hybride et le type cobaya selon T^galit^ numerique. Les deux 
courbes doivent done se confondre. En r^alitd, elles presentent une 
petite difference qui provient de ce que regalite n’a pas ete absolue 
(86 individus du type cobaya, 91 du type hybride). 

On pourra constater que le systdme de variation des dimensions de 
la tete s'opere de la m6me faejon que pour la corpulence. 


Genetica XXV 
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Fi;?. 9. D' -- Profils pour la tdte. — Modes de frequence des indices, 
longueur tronc 

l^apports:-dans les croisements eu retour 

longueur t6te 

(JcJ hybr. F| x cohay a non-apparent^es 

--iM classe hybride 
--classe cohaya 


DISSOCIATION DES FACTECKS t ONDITIONNANT LA LONGUEUR DES 

PATTES 

Les pattes constituent un caract^re important de diffdrenciation 
d'une classe a Tautre. La mcHhode qui nous a peiTnis dc pr^ciscr la 
position des ceintures scapulaire et j^elviennc a 6te indiqu6e p. C75. 

Les photographies font suffisamment ressortir les caract6ristiques 
que pr6sentent les pattes pour qu'il soit besoin de s*y attgirder. Nous 
entrerons done directement dans Tanalyse gen^tique des 
dimensions des pattes en fonction de celles 
d u tronc, en prenant pour base la longueur de la patte divis6e par 
la longueur du tronc. De cette fa 9 on nous obtenons un rapport de 
Tordre de grandeur d'une fraction de 1, qui a cet avantage d'indiquer 
qu*u n chiffre plus 61eve marque une patte plus 
longue (photo 9). 

Les indices moyens; ^tablis pour chaque classe, ressortent comme 
suit: 
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Tableau 4. - - Indices moyens pour la longueur des p(Utes 


Pattes anterieures 


Pattes posterieures 


I 


aperea, aiicetre du croiseinent 
J ,, sans descendance . . 
^ et cobaya non-apparentes . 
0 et $ hybridcs I'j. 

1 

0.588 

0.654 

0.541 

0.548 



0.620 

0.684 

0.56c 

0.587 



classe j classe 
hybride, cobava 

1 

classe 

nou- 

veaute 

classe 

aperea 

classe 

hybride 

classe 

cobaya 

classe 

nou- 

veaute 

classe 

aperea 

b' 2 ,issusducroist. . . 

0.584 

0.575 

i 0.544 

0.583 

0.625 

0.642 

0.593 

0.638 

ct ? i Fj, issus du croist. de 24 
couples du type hybride pris 
dans la F;. 

1 

0.579 

0.574 

0.564 

0.551 

0.666 

0.657 

0.634 

0.661 

croisenicnts en rctour hyb. 

I'l y $$ cobaya non-appa- 
rentees. 

0.591 

0.545 



0.620 

0.605 

1 



Part(ftit, les pattes posterieiires sont, proportioncllement au tronc, 
plus tongues que les anterieures. Les deux miles aperea se font re- 
marquer par dcs pattes proportionellement plus longues, tandis que 
I’hybride Fj les a de dimensions a peu pres ^gales h cclles de Tespere 
cobaya. 

Les indices moyens montrent que Tamplitude de variation est 
extremement reduite, ce qui con fere aux pattes un caractere homogene. 
L examcn des courbes de frequence (fig. 10 et 11) met bien en evidence 
cette homogen^ite et etablit les diff6rences essentielles avec les di¬ 
mensions du tronc et de la tete. 

Tout d'abord, on remarquera que ces courbes sont monomodales; il 
faut y voir le fait que les femelles de cobaya qui furent unies au male 
aperea ^taient toutes semblables en ce qui concerne les dimensions 
moyennes des pattes et ne pr&entaient pas les deux variantes con- 
statues pour la tete et le tronc. 

Comme les pattes constituent des organes appartenant I des regions 
diff^rentes de la structure morphologique du corps, cette question doit 
faire Tobjet d*une 6tude particuli^re, bas6e sur les amplitudes de va¬ 
riation en consideration de la region (thoracique ou abdominale) a la- 
quelle appartient chaque patte. On s'en r^f^rera au tableau suivant: 
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longueur pattes 

Fig. 10. K. — Pattes. — Courbes de frequence des indices: ---dans 

longueur tete 

la F 2 provenant des croisements hybr. Fi x hybr. I'l. 


classe hybride + -I- 4 . -I- 4 . 4 . classe nouveaut^ 

classe cobay a - classe aperea 
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I’attes post^rieures 

, longueur pattes 

rig. 11, K -- Pattes. — Courbcs de frequence des indices:- 

longueur tronc 

dans la F 3 provenant dcs croisements de 

24 couples du type hybride pris dans la F 2 


- classe hybride 
' classe fo&aytf 


classe nouveaut(^ 
classe aperea 
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Tableau 5. — Amplitude des indices 




Pattes 


Tronc 

Tete 



antcricures 

posterieiires 






amplitude 

ecart 

amplitude 

(^cart 

amplitude 

(Vart 

amplitude 

1 6cart 

aperea P. 

0.55-0.60 

0.05 

0.70-0.85 

0.25 

2.05-2.85 

0.80 

2.25-3.10 

0.85 

cobaya noii-appar. . . 

0.45-0.65 

0.20 

0.50-0.65 

0.15 

1.75-2.50 

0.75 

2.20-3.20 

1.— 

hyb. F,. 

0.45-0.55 

0.10 

0.45-0.60 

0.15 

1.80-2.05 

0.25 

2.45-3.— 

0.55 

dFi'- 

classe hybricic .... 

0.50-0.80 

0.30 

0.40- 0.80 

0.20 

1.75-2.45 

0.70 

2.15-3.30 

1.15 

,, cobaya .... 

0.40-0.70 

0.30 

0.50-0.75 

0.05 

1.70-2.50 

0.80 

2.12-3.30 

1.15 

,, nouvoautc . . 

0.45-0.75 

0.30 

0.50-0.75 

0.25 

2.20 2.85 

0.65 

2.25-3.25 

1.- 

,, aperea .... 

0.45-0.75 

0.30 

0.50-0.75 

0.25 

2.25- 2.75 

0.50 

2.45-3.10 

0.65 

fl Fy. 

classe hybri(I(‘ . . , 

moy. 

0.30 

moy. 

0.19 

moy. 

~0.^” 

moy. 

l“o!^' 

0.50-0.85 

0.35 

0.5C-0.85 

0.35 

1.80-2.65 

0.85 

2.10-3.30 

1.20 

,, cobaya . . 

0.45-0.75 

0.30 

0.5C-0.80 

0.30 

1.80-2.50 

0.70 

2.15-3.30 

1.15 

,, nouveaute . . 

0.40-0.75 

0 35 

0.50-0.80 

0.30 

2.05-2.70 

0.65 

2.30-3.20 

0.90 

,, aperea . . . 

0.45-0.75 

0.30 

0.55-0.80 

0.25 

2.40-2.85 

0.45 

2.35-3.20 

0.85 


moy. 

1 0.32 

moy. 

0.30 

moy. 

1~0.66~ 

mov. 

i V.02 


Nous voyons que les differentes parties du corps, b i c n q u e 
regies respectivemenl par les memes genes, 
suivcnt des processus de variation tres variables et quo ces processus 
sent en relation avec la structure mo^pholo- 
gique de la partie consid^ree. 

Essayons maintenant de determiner le role jouc, chez les parents, 
par chaque organe et la part qu’il apporte dans la descendance au 
processus de variabilite. 

Nous partirons du principe que chaque organe apporte un potentiel 
qui conditionne son d^veloppement et sa croissance et depend de sa 
morphologic propre ainsi que de cello de la region du coq)s ou il est 
branche. Ce potentiel varie selon les individus, ce qui motive des va¬ 
riations d’amplitude correspondantes. La valcur de ces variations pent 
etre d6terminee par les hearts existant entre le chiffre le plus faible et 
le plus fort. Ces ecarts sont en effet proportionnels aux dimensions 
realisees par chaque partie du corps; ils d^*terminent par consequent 
les rapports de taille entre elles. On pent done comparer ces rapports 
dans les classes de segregation avec les memes rapports chez les pa¬ 
rents et les hybrides Fi et Ton se rendra compte que les dimen¬ 
sions de chaque organe sont determinees par 
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la structure m o r p b o 1 o gi q u e d u territoire sur 
lequel Torgane est branch^. 

Dissociation dcs facteurs pour les pattes dans les croisements en retour 

(fig. 12) ■ 




• longueur pattes 

Fig, 12. F — Pattes. — Courbes de frequence dcs indices:-dans 

longueur tronc 

la Idre g^n^ration du croisement en retour 
(J(J hybr. Ft x $9 cobaya non<aparent^es 

. . . classe hybride -classc cobaya 
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De m^me que pour les croisements directs, la dissociation des fac- 
teurs conditionnant les pattes contribue, dans les croisements en re¬ 
tour, k un systeme de variations qui se traduit par une c o u r b e 
monomodale (fig. I2F) qui n*implique pas^d’autres considera¬ 
tions que celles enonc^es p. 387 et 390. 

Nous resumerons au tableau suivant les chiffres d'amplitude de 
variation: 


Tableau 6. — Indices moyens dans les croisements directs et en retour 



Cobaya non- 
apparentes 

hybrides Fi 

Croisements en rctour 

Classe hybride 

Classc cobaya 

pattes 

ante* 

rieures 

poste- 

rieures 

antc- 

rieures 

poste¬ 

rieures 

ante* 

ricures 

poste¬ 

rieures 

ante- 

rieures 

poste¬ 

rieures 

.amplitude de varia¬ 
tion . 

sommet sur . . . . 

0.45-0.65 
0.55 1 

0.50-0.75 
0.65 1 

0.45-0.60 

0.55 

0.45 -0.65 
0.65 

0.45-0.65 

0.55 

0.50-0.70 

0.65 

0.45-0.65 

0.55 

0.55-0.70 

0.65 

amplitude de varia¬ 
tion dans les g^n6ra- 
tions de segregation 

Classc hybride 

Classe cobaya 

anterieurcs 

posterieures 

anterieures | posterieures 

i Fj 

0.40-0.80 1 0.40- 0.80 

0.40-0.75 i 0.40-0.85 

1 

0.45-0.70 1 0.50-0.75 

0.45-0.70 1 0.5C-0.75 


Dans la descendance du croisement en retour, Tamplitude de va¬ 
riation des pattes s'avfere comme etant extremement r^duite; elle se 
tient dans les memes limites que chez les cobaya non-apparentes et les 
hybrides Fi, tandis que, dans les generations de segregation, lampli- 
tude est passablement plus grande. 

Les conclusions a retenir de ces faits peuvent s’exprimer comme 
suit: Nous avons constate I’etat variable de I’espece cohaya en ce qui 
conceme la morphologie du tronc et de la tete. Nous devons reconnai- 
tre maintenant que les pattes constituent un element stable chez cette 
espece. Des lors, il apparait que les variations de longueur des pattes 
sont sous la dependance des genes apportes par cobaya. 

Extremiiis des membres 

Les pattes se terminent par le pied (main) les doigts et lesongles, 
qui sont des caracteres de bonne determination, bien que presentant 
de multiples variations de formes. 
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Figures: 4 sortes de pieds, 

Les variations se portent en largeur et en longueur. En ce qui con- 
ceme le pied (ou main) les extr^mit^s de type cohaya s'opposent a 
celles du type hybride; les extr^mit^s A*aperea se font remarquer par 
leur minceur et leur allongement proportionn^; celles de la „nou- 
veaut^” se rattachent plus particuli^rement au type cohaya, qu'a 
Yapcrea, Les extr^mit^s du type hybride se rencontrent parfois, plus 
ou moins, chez les cohaya de segr^ation. L'anatomie du squelette, qui 
sera faite dans un m^moire ult4rieur, apportera certaines precisions 
interessantes 1 ). 

Mais, le caractere essentiel reside dans Tallongement des 
pieces du squelette des extremites des membres, notam- 
ment des doigts et des ongles. 

L*ongle s’allonge en une gaine coriace, noire chez les types hybrides 
principalement. Chez les cohaya, quels qu’ils soient, on ne constate 
jamais ce phenomene d’allongement des pieces des extremites des 
pieds (photos. 10 et 11). 

Resumi du chapiire 

II est montre que le croisement ^,dperea v o<^xohaya met en oppo¬ 
sition les caraetdres de structure du corps qui diff6rencient 
la morphologic gen^rale entre I’esp^ce sauvage Cavia aperea et Tespece 
domestique Cavia cohaya, Ces caracteres appartiennent au tronc et a 
la t^te.* 

Au tronc, ils mettent en antagonisme la condition fusiformc 
6 !aperea avec la condition ovoide de cohaya: a la tete, ils opposent les 
oreillcs petites et serr^es A'aperea aux o r e i 11 e s 
larges et ecart^es de cohaya et cr4ent un hybride Fi partici¬ 
pant de la forme g^n^rale du corps de cohaya (C) avec petites oreilles 
(s). Les croisements ont nettement montr4 Texistence de ces deux 
couples d’antagonistes qui, combines dans Thybride Fi, ont fait res- 
sortir, en F 2 et dans les generations de segregation, une nette dissocia¬ 
tion en 4 classes, dont deux ont reconstitue les deux formes parentales 
aperea et cohaya, dont Tune a reproduit le -type hybride et dont la 
quatrieme a fait apparattre une nouveauie, la dissociation des facteurs 
en jeu s'etant operee selon les formules d'un dihybride en: 

1 ) La collection des squelettes prepares se trouve k la Station de Zoologie 
Exp^rimentale. 
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9 individus dii type hybride: corps ovoide/petites oreilles == Cs 

3 ,, ,, ,, cobay a: corps ovoi'de/larges oreilles -= CS 

3 ,, ,, ,, nouveaute: corps fusiforme/larges oreilles -- cS 

1 ,, „ „ aperea: corps fusiforme/petites oreilles = cs 

Cependant, bicn que les hybrides F| fussent absolument semblables, 
on pouvait constater dans chacune des classes de segregation une cer- 
taine amplitude des termes extremes, tendant a rapprochcr les geno¬ 
types moyens d*une classe de ceux de la classe voisinc. 

Pour ce qui est des caracteristiques de la tete, nous voyons que 
les differentes regions de cet organe suivent un systeme de variation 
nettement en rapport avec les variations qu'acquierent les dimensions 
des diverses parties du corps. Ces deux systemes s'emboitent Tun dans 
I’autre; ils concourent ainsi a maintcnir les dimensions des diverses 
parties les unes par rapport aux autrcs, dans les moyennes representa¬ 
tives de chaque classe. 

Cependant, ramplitudc dc variations est surtout forte chez les 
jeunes. Chez les adultes, les ecarts s’attenuent et les caracteristiques 
des genotypes dcviennent plus precises. On pent ainsi tres bicn diffe- 
rencier les composants de chaque classe. 

Entin, nous devons encore souligner que les facteurs qui conditionnent 
les dimensions de la tetc en 1 a r g e u r dependent du mecanisme de 
Torgani.sation de la tetc et ceux qui regisscnt la croissance en 1 o n- 
g u e u r, dependent de la morphologic generale; ce qui est un exemple 
frappant de la localisation de Taction dc genes en territoires indepen¬ 
dants. 

Nos diverses mensurations ont etabli qiTaucun facteur en jeu nc 
s'est montrc spx4inked. 


C HAPTTRE DEUXIEME • 

FREQUENCES DE VARIATION ET DE CORRELATION DES 
CARACTfiRES MORPHOLOGIQUES 

L'etude faite au chapitre I consist ait en une analyse genetique 
des facteurs conditionnant la charpente generahe du 
corps, consideree en un tout destine a caracteriser la forme 
extericure des deux alieiomorphes parent aux, de leur hybride, 
et des genotypes de la segregation. 
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Lepresentchapitretraiteradcs rapports de taille et de 
forme entre-eux et comparativement aux dimensions du corps, dcs 
diff^rents.caractjeres de la tete et de la croupe. 

Seulement, la longueur du corps donne lieu a un syst^me de va¬ 
riations qui est en relation avec le poids de I’animal, c'est-a-dire, en 
unc certaine me.sure, avec I'agc de celui-ci; il importe avant tout de 
connaitre ce systeme dc variations pour y adapter les proportions 
lisees, a poids egal, par la tete et ses divers caractercs particulars. 

VARIATIONS I)K LA LONGUEUR DU CORPS EN FONCTION DU POIDS, 

c'est-a-dire de l'age 

Nous avons deja rcleve quelques indications concernant la variation 
des rapports de dimensions entre la tete et le tronc. II s agit mainte- 
nant de rechcrchcr jiisqu a quel point ces rapports peuvent varier en 
function du poids, c'est-a-dire dc T^gc. 

M e t h 0 d e. Le Cobaye a mesurer est dtal^, vivant, k plat ventre, 
Mir un plan horizontal. On maintient I'animal dans son allongement 
maximum, en appuyant legorement sur son dos avec la main ouvcrtc. 
On mar(]uc au crayon la place de I’anus et cellc de I'extremite du mu* 
scan. La distance entre ces deux points determine la longueur du 
corps. 

('es mensurations sont portees au tableau 7. On remarquera (pie 
Tableau 7. Longueur du corps (en centimetres) 


P. apcrca juoyi anr a oOO jjr.; 23,5 -- tau\ dr progresMon: 3,91 
hvhridcs a 1000 gr.: 29,8 „ „ ,, 2,98 


N. 

' poids. 


200 

progr. 

400 

progr. 

600 

progr. 

800 

progr. 

1000 ' 

progr. 


rob.iya csp. . 

1 segnfiat inn : 


18 

9 

21.9 

5.47 

23 

3.66 

25.2 

3.15 

25.5 

2.55 

119 

i rohaya . . 

.CS 

17.4 

8.7 

21.3 

5.32 

24.2 

4.04 

25.3 

3.16 

26.- 

2.60 

96 

i noiivcautt' . 

. cS 

15.4 

7.20 

21.2 

5.3 

23.5 

3.9 

25.1 

3.13 

26.- 

2.60 

129 

1 liybride . , 

. Cs 

23,4 

11.6 

24. 

6 

25.3 

4.2 

26.3 

3.28 

27.8 1 

2.78 

42 

' anerca . . . 

. IS 

16.1 

8.05 

20.- 1 

5 - 

22.- 

3.33 

22.5 

2.80 

23.- ! 

! 2.3 


le rapport dallongement du corps, longueur 
poids, diminue notablement avec T^ge; ce rapport 
ressort de fagon 4 peu pres ^gale, en cours de croissance, dans les classes: 
cohaya (CS), nouveaut^ (cS) et aperta (cs). 
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A 1000 gr. environ, Thybride Fj (5 individus niesur^s) mesure en 
moyenne 29,8 centimetres de long (indice 2,98). Nous voyons Ik Tex- 
pression d’un des caract^res de luxuriance de Thybride, qui se 
maintient en une certaine mesure, comparativement aux autres clas¬ 
ses, au cours de la croissance,. De beaucoup, la classe aperea (cs) com- 
prend les plus petits individus; remarquons encore que les classes 
CS et cS grandissent selon les memes proportions. 

Sous ce rapport, les chiffres confirment absolument les caracteristi- 
ques diff6rentielles, telles qu*elles ont ete envisagees dans le classement 
des alieiomorphes parentaux: 

cohaya (CS) et nouveaiite (cS) = corps court (2.60) 
aperea (cs) =:= corps allonge (3.90) 
hybride (Cs) corps intermediaire (2.78). 

Les coefficients de croissance ressortent comme suit: 


CS(P.) 

CS 

cS 

Cs 

cs 

9.-- 

8.70 

7.20 

11.61 

8.05 

2.55 

2.60 

2.60 

2.78 

2.30 

----- 

6.10 

~4.60”^ 

8.83 

5.75 


On congoit a quel point il est necessaire d’etablir les rapports en re¬ 
gard du poids, les coefficients de croissance pr^sentant de notables dif¬ 
ferences suivant les genotypes auxquels devront s'adapter les coeffi¬ 
cients, eux-memes fort variables, des diverses parties de la tete. 

Dimensions comparees de la tele, en fomtion du poids 

Ainsi que nous Tavons vu au debut de ce Memoire, les caract^res 
generaux par lesquels nous avons differenci^ les deux types all61o- 
morphiques parentaux ont porte sur la morphologic du corps, d’apres 
la mdthode des profils en projection. Les caracteres cdphaliques, 
n'ayant pu etre d4termin6s par cette m6thode, doivent done faire 
I’objet d’une 6tude s6par6e. 

Longueur du museau, en fonction de la longueur totale du corps 

Les mensurations sont prises depuis la racine d'une des oreilles 
jusqu'au nez, sur materiel vivant, selon la meme m6thode que celle 
adopt<§e pour la longueur du corps. N'ayant aucun point prdcis sur la 
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nuque marquant le d4but de'la t^te, nous avons dii prendre la base 
d'une oreille comme point initial. Comme la base des oreilles est tres 
rapprocWe, il est indifferent de prendre mesure 4 partir de Tune ou de 
I'autre. Toutes les mensurations ont 6 te faites a partir de Toreille 
gauche. 

En divisant longueur museau/longueur coi-ps, on obtient un indice, 
dont le plus ^lev^ marque un muscau plus allong^ (tableau 8). 

Tableau 8. - Dimensions comparees 


longueur tete 

Rapport -. 

longueur corps 


Poids 

aperea 

hyb. F| 

1 

Cobaya 

espcce 

Segregation 

CS 

cS 

1 Cs 

C.S 

200 

_ 

_ 

0.243 

0.240 

0.224 

0.248 ! 

0.251 

400 


— 

0.220 

0.220 

0.216 

0.243 

0.244 

600 

0.242 

- ' 

0.210 

0.210 

0.211 

0.235 

0.233 

800 


— 

0.207 

0.205 

0.194 

0.223 

0J234 

1000 

-- 

0.250 

0.200 

0.201 

0.200 

0.220 

0.221 


Ce qui ressort en premier lieu de Texamen de ce tableau, c est que la 
longueur du musea« qui complete, avec la longueur du corps, un des 
caracteres de la luxuriance de Vhyhride tend a s'att^nuer chez les hy- 
brides de segregation, ou son taux diminue progressivement en cours 
de croissance. Les rapports longueur museau/longueur corps sont les 
memes en ce qui concerne les aperea segreges (cs) qu'en ce qui concerne 
les hybrides de segregation (Cs). Les trois classes, cobaya P. et cobaya 
segreges (CS) ainsi que la nouveaute, (cS) marquent k peu pres les 
memes indices selon le poids con.sidere. 

La caracteristique des deux types alieiomorphiques parentaux: 
cobaya (CS), nouveaute (cS) — museau court, (0,200) 

hybride (Cs) aperea (cs) =::r: museau allonge (0,220) 

se verifie par les chiffres ci-dessus. 

Largeuf de la tMe, soil dcartemenl des oreilles 
Les dimensions marquant la largeur de la tete, n'ayant pu etre re¬ 
levees par la methode des profils en projection, nous avons dfi, en con- 
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sequence, adopter le syst^me de mesurer, sur materiel vivant, au moy- 
en du compas, la distance separant la tempe gauche de la tempe 
droite, au niveau de la base des oreilles. De cette manifere, les mensura¬ 
tions indiquent les moyennes d ecartement des oreilles qui, comme 
nous le savons, constituent I’un des caract^res distinctifs des deux 
types all<51omorphiques parentaux. Ces mensurations determinant en 
meme temps Vecartement des yeux. 

Nous avons analyst les variantes des proportions relatives de lar 
geur de la tete: 

1. en fonction de la longueur totale du corj^s 

2. ,, ,, ,, la longueur dumuseau. 


1. Ecartement des oreilles (large ur de la t^te) 
e n fonction d c la longueur totale d u corps 
(tableau 9); un indice plus eleve indique un ecartement plus grand. 


Tableau 9. - Dimensions comparees 


Rapport' 


largeur de la t^te (mirtement des oreilles) 
longueur totale du corps 


Poirls 

Cobaya 


Segregation 


osp^ce 

1 CS 

1_ i 

1 

j CS 

200 

0.143 

0.164 

0.161 

1 • 

0.144 

0.141 

400 

0.137 

0.161 

0.151 : 

0.136 

0.133 

600 

0.133 

0.143 

0.139 

0.125 

0.127 

800 

0.130 

0.140 

0.131 

0.121 

0.128 

1000 

0.129 

0.130 

0.140 

0.115 

0.118 


Aux generations de segregation, on remarquera que les indices font 
rcssortir que, par rapport a la longueur totale, la tete tend, proper- 
tionnellement, a diminuer de largeur en cours de croissance, tout en 
conservant les caraetdristiques des deux types all^lomorphiques pa-- 
rentaux, soit: 

CS et cS — oreilles ecart^es (0,129 et 0,130) 

Cs et CS = oreilles serrfes (0,115 et 0,118) 
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2. Ecartement des oreilles en fonction de la 
longueur du museau (tableau 10). 

Si, par la mcSthode de mensuration no. 1 nous avons rcmarque quc 
les indices diminuaient en cours de croissance, par la m^thode no. 2, 
nous voyons que ces indices restent, respectivement, constants jusqu’a 
r<5tat adultc. 


Tableau 10 . — Dimensions comparees 
Ecartement des oreilles en fonction de la longueur du museau 


Poids 

C obaya 

Segregation 

espece 

1 . 1 

cS 

Cs 

cs 

200 

0.62 

0.62 

0.68 

0.58 

0.56 

400 

0.62 i 

0.63 

0.69 

0.60 

0.57 

600 

0.62 

0.62 

0.68 

0.57 

0.56 

800 

0.61 

0.62 

0.69 

0.58 

0.56 

1000 

0.62 

0.63 

0.68 

0.59 

0.57 


La difference entrc les rt^sultats de ces deux methodcs doit retenir 
notre attention; elle s’interpretera comme signifiant que les f a c- 
tears qui conditio nncnt les dimensions cn lar- 
geur dependent de I’organisation cephaliquc, 
alors qu'ils dependent de la structure gene- 
rale du tronc en ce qui concerne les dimen¬ 
sions en longueur. C’est pourquoi, dans la descendance, 
les rapjx^rts tete/longueur du corps temoignent d'une grande ampli¬ 
tude de variations, indiqut^e d’ailleurs par les courbes de frequence. 
Nous avons 14 un nouvel exemple de la localisation de Taction de genes 
en territoires ind^pendants. 

Longueur ei forme des oreilles 

Les oreilles sont, de tons les caract^res qui diff^rencient le Cavia 
cobay a du Cavia aperea, Tun de ceux qui pr&entent les plus grandes 
variations de taille et de forme. Nous avons .vu que e’est un caractere 
all41omorphique. 

Chez aperea P., nos mensurations n*ont pu se baser que sur deux 
individus m41es dont les oreilles ^taient courtes et serr^es contre la 
t^te (photo 12). Comparativement 4 ce que sont les oreilles chez. 
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Tespece cohay a, ou ces organes sont larges et ^cartes, ont voit que la 
distinction de ce caract^rc est importante (photo 13). Rappelons que 
les hybrides F| poss^daient les oreilles petites et serrdes. 

Aussi devons-nous considdrer particiilierement la g^netique de 
cet organe. 


Deux varietes du Cobaye domestique 

Les ^leveurs du Cobaye domestique savent bien qu'il existe deux 
varietes de cet animal en ce qui concerne la forme, la taille et la 
position des oreilles. Certains sujets les ont dressees verti¬ 
cal e m e n t les autres les ont pendantes. Dans nos clapiers 
europ6ens, ces deux vari<f‘t^s se montrent communement c6te k c6te. 

Dans la descendance du croisement aperea x cobay a, on aura pu re- 
marquer (photos 14, 15) que ces deux varietes d'oreilles reapparais- 
sent plus ou moins parmi les individus de la segregation; ceux de la 
classe cobaya participent nettement des deux varietes. Les hybrides de 
segregation (Cs), naissent bien avec leur caracteristique de petites 
oreilles, mais e’est dans le degre d'ecartement de ces 
organes que se manifeste Taction des facteurs apportes par 
cobaya. 

On en jugera d’apres les resultats des croisements en re¬ 
tour entre: 

hyb. Fi X $$ cobaya non-apparentees, done CCSS. 

\’oici le resultat de ces croisements: 


CcSs hybrides F| x CCSS cobaya, ayant produit: 

, . , (oreilles petites s e r r e s 45 indiv. 1. CcSs 

classe hvbride \ 


classe cobaya 


^cart^es 46 ,, 1. CCSs 

larges dressees 44 ,, 1. CCSS 

,, p e n d a n t e s 42 ,, 1. CcSS 


J 91 indiv. 
} 86 „ 


autrement dit T^galite numerique entre chaque variate, ce qui pre¬ 
cise tout a fait la realisation des provisions. Le controle a OtO fait par 
mensurations au compas. 

Quant aux individus dela classe nouveau tO (cS), ils par¬ 
ticipent de la double variOtO d'oreilles, comme cobaya. Pour ce qui est 
de la classe aperea, le caractere cs persiste sans beaucoup de variation. 
II est done intOressant de constater qu'il existe une affinitO gOnOtique 
entre les deux types d'oreilles et que cette affinitO, apportOe par cobaya, 
se transmet par Tintermediaire de Thybride Fi. 






Photo 11.- Allongenicnt dcs pattes avcc gaincs 



Photo M. ■ 15. - Vanctcs d orcilles chcz 
cohai/n rcconstituc 


Photo 17 - Difference dctaillecntre 
deux mdividus ayant attemt leur 
maximum de croissance: a droitc 
t name fertile 
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Nous voyons que le caractere „oreilles” participe de plusieurs va- 
riantes qui se manifestent dans les rapports de ses dimensions avec 
les dimensions du corps et du muscau. 

Longueur de Voreille en fonction de la longueur iotale du corps 

(tableau 11): un indice plus 61eve marque une orcille plus longue. 
Les mesures ont prises an compas, depuis la racinc de Toreille 
jusqu’a la limite superieure du lobe. 

Les chiffres de ce tableau ont pour principal interet, de confirmer la 
valeur de Tun des caractercs distinctifs de notre diagnose des deux 
allelomorphcs parentaux, .soit: 

CS et cS oreilles largos (0,118 et 0,123) 

Cs et cs ,, petites (0,107 et 0,105) 

En cours de croissance, Tindice concernant roreille tend a diminuer, 
proportionnellemcnt a la longueur du corps. 

Ces donnck\s sont confirmees lorsque Toreille est considertk- en 
fonction d e la longueur cl u m u s e a u (tableau 12). 


Tableau 11 . Dimensions comparecs 
Longueur de I’creille en fonction de la longueur totale du corps 


Poicls 1 

Cobaya 


Soffregation 


cspi'ce 

cs 

cS 

t's 

cs 

200 

0.149 

0.150 i 

0.153 

i 0.126 

1 

0.124 

400 

0,124 

0.135 j 

0.132 

0.110 

0.112 

600 

0.117 

0.120 j 

0.125 

0.104 

0.104 

800 

0.118 i 

0.121 1 

0.120 

0.102 

0.103 

1000 

0.118 1 

0.123 i 

0.125 

0.107 

0.105 


Tableau 12 

Longueur de I’oreille en fonction dc la longueur du museau 


200 

0.623 

400 

0.595 

600 

0.580 

800 

0.575 

1000 

0.560 


0.628 

0.665 

0.620 

0.653 

0.595 

0.613 

0.585 

0.596 

0.580 

0,590 


0.564 

0.582 

0.520 

0.542 

0.509 

0.538 

0.498 

0.532 

0.490 

0.523 


Genetica XXV 


26 
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CORRELATIONS ENTRE CARACTErES CEPHALIQUES ET gEnErAUX 

Le croisement aperea x cohaya met en opposition des caract^res 
de morphologic generde (corps, tronc) et des caracteres de morphologic 
particuliere (tete, oreilles, pattes) qui torment, dans la descendance, 
des combinaisons varices. Nous avons vu que les facteurs qui condi- 
tionnent ces deux types de caracteres se dissocient selon les propor¬ 
tions d’un dihybridisme en 9 : 3 : 3 : l.Seulement, la dissociation des 
facteurs cephaliques se fait independamment de celle des facteurs du 
corps, ce qui cree, entre ces deux types d’organcs, des systemes de 
correlation dorso-ventralc ou antero-postericure. 

Correlations entre le type de pattes et le type de tete (tableau 13) 

La question se pr&ente de la fa^on suivante: a tel type de 
pattes considere, dans quelles proportions 
s’associe tel type de tete? 

Les modalites de ces correlations sont resumes au tableau 13. 

Tableau 13. — Correlations entre le type dc (ite et Ic type dc pattes 

Hybride: Type de tete dominant — Type de pattes dominant 

Aperea; ,, ,, ,, recessif — ,, ,, ,, dominant 

Cobaya: ,, ,, ,, dominant — ,, ,, ,, recessif 

Nouveaute: ,, ,, ,, iiitermMiaire — „ ,, ,, interrnediaire 



Croisement Hyb. F 

, V Hyb. F, 

Croisempnt Pti rotour 
(J Hyb. Fi X OCobavii 

Caracteris- 
tique de 

Typedetrtc 

1 N % Totaux 

1 1 

N 


j Totaux 

Hvbride | 

1 

Hybride | Hybride 
(5 combin. secondaires) 

»7 

18 

i».a« 1 

9,36 . 

97 

49 

22.:«0 

29,51 

}86 - 51,81% 


1 


il03- 53.64%! 




Cobaya | 

Cobaya | Cobaya 

(3 combin. secondaires) 

»» 

■IS y 

:i9 

41 , 

29.50 

24,69 

}80 • 48,19% 

Nouveaute | 

Cobaya | Aperea 
(2 combin. secondaires) 

.19 

6 

S;;"}«-- 

- 

-- 

- 

Aperea | 

Aperea | Aperea 

(3 combin. secondaires) 

8 


- 



17combinaisons possibles 

4 modes de corr61ations 

192 

proportion 2:1:1 

1 

166 

1 

i proportion 1 : I 

1 

On voit d’abord se realiser les 4 ty^s de correlation affereni 

: aux 

quatre classes de morphologic gendrale, qui apparaissent dans des pro-* 
portions a peu pr^s egales (37, 39, 39, 36), alors que, considerees s^- ^ 
parement , elles ressortent d^ns les proportions du dihybridisme (p. 404). 
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On constate qu'il s*est form^, en outre, des Cobayes r^alisant un 
type de t^te associe k un autre type de pattes (marques au tableau 13 
comme combinaisons secondaires). L^ensemble de ces combinaisons 
secondaires prfeente un total de 41. Mais les totalisations globules res- 
sortent dans la proportion de 2 : 1 : 1 ce qui signifie que c h a q u e 
classe donne lieu a un nombre egal de com¬ 
binaisons possibles entre le type de t^te ct 
1 e type d e pattes (1 : 1 dans les croisements en retour). 

Dans la fig. 13, nous avons ajoute (en trait plus epais) la courbe de 



frequence de la dissociation normale des caracteres morpliologiques 
en y compuenant les variations d*amplitude existant entre les limites 
de chaque classe. Les modes de chaque sommet realisent les pro¬ 
portions 9:3:3: 1; on pcut ainsi sc rendre comp)te des rappxjrts 
existant entre le systCrme d'h^rMit^ morp)hologique dihybride et cclui, 
monohybride, des modes de correlation. 

La signification de ces recherches est d'etablir les combinaisons va¬ 
rices qui se sont formas, en F 2 , en dehors des dissociations normales; 
par exemple: au lieu de t^te cobaya/pMes cobaya (~ segregation nor¬ 
male) on obtiendra: tete tyj^e cobayalpsiites type aperea, etc. II a ete 
releve 17 de ces combinaisons secondaires qui sont representees, en 
F 2 , par 41 individus, soit, a peu prds autant que dans chacune des 
classes normales. 



404 


ARNOLD PICTET ET MLLK A. FKRRERO 


Correlations entrc Ic type de iSte et le type de croupe 

Nous avons vu (photos 1, 2,4) que la croupe chez cohay a (pelage uni- 
formement lisse) se place en opposition a la croupe de Yaperea (pelage 
formant une croupe terminee a angle droit). II a ete d^‘montr6 que le 
type de croupe cohaya est dominant sur celui d'aperea. En outre le 
type de tete aperca s’oppose au type de tete cohaya qui est dominant. 
Les segregations gen^rales de ces deux antagonistes se sont operees 
sous la forme d’lin dihybride en 9 : 3 : 3 : 1. 

Le tableau 14 fait ressortir les formes de combinaisons 


Tableau 14. ~ Correlations entrc le type de tete et le type de croupe 

Croup(‘ lissc; doinmauti*. » Croupe- horisst'e*: roe cssivc. 


Caruotens- ' Tvpe’do 

* 1 Type'de t(-te' 

tiqiie de' i e'roupc 


Croiseiiu-ut Hyl). Fi \ Hyb F| 
N ' 


Croi'ieMiuTit on rotour 
Hvb. Fi \ 5)^ ColMy.j 


TeUaux 


N , 


Totau\ 


Hybridc 


Cobaya | 
Nouveaute | 


Aperca 


I 


Hybndc \ Hyb. Cob 
t (libse) 

(4 coinbin. inte'rnicd. 

Ce)baya j Cobaya 

I (lissc) 

(3 e’oiiibm. intcrined. 

Cobaya i Aperca 

I (hcrisse^c) 
(3 coiiibin. inlertiie-d. 


Ape-reM ' .Ape-re'a 

I (hensse'*e) 
(3cou)bin. internu*d.) 

17 combinaisons possiljlcs | 

4 modes de correlations 


I 


!:« I 

: 12 6,24'/ ^ 


i:i» i20.:»2) 

; 9 ! 4,68 1 


• as I 22 . 1)0 1 

! 43' 25,9o!]'‘ 


9? - 50,32"o 


40 

8 

i9y 


18.75 24 4’"' 

5,78:J ’ ' " 

i 

“ 4 > F « -25..,, 

proj)e)rlion 2:1:1 

I 


I [ 

40 { 24.10 

: 4S I 27. 


... I 


• j J.jns - 51,20“., 




proportion 1 : 1 


s e c o n d a i r e s, qui amenent un certain nombre de genotypes a 
avoir un type donne de tete associ^ a un autre type de croupe que celui 
realise dans la dissociation gendrale des facteurs. 

Ces combinaisons secondaires .se sont rcncontrecs chez 40 individus 
de la F 2 . Les proportions realis^es sont dans le meme ordre de fre¬ 
quence que dans le cas precedent (correlations pattes/tetc). 

La figure 14 montre les modalites de la repaitition des combinaisons 
secondaires. 
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ViR. 14. 

correlations tc'te-CToiipe F| x I'l 

d"' (1 I'l V cobaya 

iacteurs niorphologiqucs (9:33: 1) 


CORRFLATIONS DORSO-VENTRALKS ENTRE LES FACTEURS DU I’ELAGE 

La morpholo/^ie gcncrale dii corps conditionnc dcs caracteres 
d e surface (comnie le ])elage) qui, entre eux, donnent lieu k des 
s y s t 0 m e s d c correlations d o r s o-v’ e n t r a 1 e s. Par 
Ic fait (]uc les facteurs morphologiques dans le croisement aperea x co- 
haya, se dissocient dans la proportion d’un croisement dihybride en 
9:3:3: 1, tandis (juc les caracteres du jx'lage qui en dependent 
donnent lieu a une segregation monohybride en 3 : 1, nous nous trou- 
vons la, de nouveau, en presence d’un systeme d’h r e d i t e com¬ 
bi n e e, dependant de I’intoraction commune de deux paires de fac¬ 
teurs d’une part, avee une seule paire d’autre part. C’est par I'analysc 
du systc^me do correlation entre les deux caracteres associes que nous 
pourrons calculcr les modalites de ces combinaisons. 

Dans I’analyse des modes de correlation la question se pose: a 
telle coloration dorsal e, dans qu’elle propor¬ 
tion est associee telle coloration ventrale? 

Les hybrides Fi ont le dos agouti cendre (fonc^) associe k la colora¬ 
tion ventrale gris-roux. A F 2 , la s^regation fait ressortir 5 variantes 
de coloration dorsale pouvant s’associer a 9 variantes de coloration 
ventrale, ce qui donne lieu k. 15 combinaisons (rep6rees) se r^partis- 
sant en 3 modes de correlation: 
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Type de coloration 


dos 


associ<^ au ventre 


aperea ct nouveaute 


hybride et cobaya 


cobaya 


agouti cendre 

ag. roux 
ag. fonce 
ag. chocolat 
noir 
noir 


gris-roux, trianon, creme 
trois variantes de gris 

trois variantes de gris, 
bouton d*or 

noir, grenat, dilut*. 


Les rapports numeriques entre les 15 combinaisons, reperees, figir 
rent au tableau 15. 


A chaque groupc dorsal correspond un groupe ventral qui ressort en 
proportions differentes. Parmi les groupes dorsaux, il en est deux qui 
sont agouti (dominant) et peuvent s’ajouter, tandis qu’au ventre, qui 
ne porte pas d'agouti, les 4 groupes conservent leur autonomic. En 
sorte que la correlation doit s'etablir entre 3 d’un cote et 4 de 1'autre, 
e'est-a-dire: trois modes de correlation ayant donne lieu aux 15 com¬ 
binaisons reperees. 

Le tableau 15 fait bien concevoir les rapports numeriques cxistant 
entre ces 3 modes de correlation, lesquels ressortent dans la nieme pro¬ 
portion (32-16, 66°,;,; 32-16, 66°;,; 31-16, 14?';,), s’etablissant selon 
line courbe trimodale (fig. 15), chaque mode de correlation marquant 
la formation d'un sommet. Or ces trois modes des nuances de colo¬ 
ration doivent s'adapter a quatre genotypes morphologiques. Pour 
mieux se rendre compte des modalites de cette adaptation, nous avons 
place sur la figure, a I’echelle correspondante, la courbe des caracteres 
morphologiques ramenes a trois termes, soit 4:9:3. 

On remarquera que chaque classe de pigmentation fait ressortir un 
mode de correlation dorso-vent rale avec le m^me pourcentage de rea¬ 
lisation. Or si Ton totalise a la fois le mode representatif de chaque 
classe, on voit que les trois types ressortent dans la proportion de 
1:2:1 (proportion de 1 : 1 dans les croisements en retour). 

De m^me que pour les 2 cas precedents, nous nous trouvons en 
presence d'un systeme d'heredite combine, qui sera discute dans nos 
conclusions generates. 
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Tableau 15. — Generation Fi du croisement cavia aperea X cavia cobaya ; 
corrilaiions entre le pelage du dos el celui du venire 

Agouti roux et fonc4 dominant sur agouti cendr^ et noir 


rh(*z 

Pelage du 

croist. hyb. Fi y hyb. F| 

En retour, hyb. Fi / 

cobaya 

dos 

ventre 

N ! 

•y 

Totaux 

N 

«' 

• t> 

Totaux 

iiouveaute ( 

agouti rendr^* 

gris-roux 

6 

3.12 

1 

1 1 

nouveaule et aperea 

vt 1 

d' 

,, -tnanon 

10 

5.20 

}48 - 25% 

ne ressortent pas dans 

a pen'a 1 

d’ 

(Teine 



J 

le croisement en retour 


agouti-roux 

gris-roux 

13 

6.77 


5 

3.01 1 




,, -jaune 

10 

5.20 


7 

4.21 1 



d^ 

jaiine 

8 

4.16 


8 

4.82 


hybridc 

d’ 

creme 

6 

3.12 


10 

5 . 02 ! 



agouti-f<mce 

gris-jaurie 

8 

4.16 

■95 49.47% 

11 

6.62 

84 -- 50 60''o 


d' 

,, -roux 


j 


:il 

18.07 



d° 

jaune 

7 

3.64 1 


7 

4.22 



d> 

gns-tnauon 

j 5 

2.60! 


3 

1.80 



1 ehoeolat 

orang(' 

i 6 

1 

3.121 


2 

1.20 i 

1 


( 

iioir 

noir 

1 

5.20; 


26 

15.54 j 

) 

cob.na < 

i d" 

grenat 


1«.M| 

J49 -- 25.53% 

:i2 


} 82 49.40% 

1 

i 

1 dilue 

1 « 

4.161 

1 

24 

14.40 


15 roiu)>inais()ns 

I 

|l92 I 

proportion; 1:2:1 

166 

proportion: 1 : 1 

d modes <ie correlation 

1 

! 1 







Dans Ics croisements en retour, le systeme de correlations est simpli- 
fie par le fait quo, les classes nouvcaute et aperea ne ressortant pas dans 
CCS croisements, il ne se trouve plus que deux groupes de variantes 
a chacune des faces du corps, Tune et Tautrc dans la meme propor¬ 
tion (31 — 18,67^*,,; 32 - 19,28%), constituant ainsi deux modes de 
variante de coloration devant s'adapter sur deux genotypes morpholo- 
giques. 

Types ideaux 

Le croisement aperea X cobaya a cree, dans la descendance, dans 
chacune des quatre classes, une forme type id^ale, dont 
les dimensions ne sont pas absolument conformes aux chiffres moyens 
des courbes de frequence et qui, par consequent, s’eioigne sensible- 
ment de resp^ce dont elle derive. 

En effet, entre la forme ideale etla forme moyenne 
de chaquc classe, il se presente une serie de formes variantes chez les- 
quelles les dimensions se rapprochent, ou meme atteignent, celles 
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d'unc autre classe: ainsi cohaya avec tete torme hybride; hybride avcc 
tete forme aperea ; le type nouveaut6 pouvant naitre avec une forme de 
tete plus ou moins conforme aux dimensions de la tete des repr^sen- 
tants des autres classes. La variation, sous ce rapport, est presque in- 
finie et se traduit par une grande diversite de chiffres. 

En nous basant sur la longueur respective de la tete, nous avons 
pu classer ce systeme compliqu6 de variation en neuf groupcs 
differentiels dont le tableau 16 donne les chiffres de base. 

Tableau 16. — Types ideaux 

Tableau differentiel des types moyens de variation de la longueur de 
la tete en fonction de la longueur du tronc 


(iroupesj 

classe hybride 


eobaj a 

1 

nonveante 

aperea 

loiiR. 

tete 

i long. 

1 tronc 

1 

indicp 

long. 

tete 

! long. 

* tronc 

1 

i 

* indue 

1 

long. 

tete 

1 Unig. 

' tronc 

' iiulice 

long 

tete 

' long. 

: tronc 

1 indice 

de variation 

le 

8 

21 

2.63 

7.5 1 

18.5 

1 2 47 

9 

21.6 

! 2 40 

6.6 

1 18 

1 2 72 

2p 

7 

19.5 

2,80 

7 i 

1 16.5 

! 2.35 

/.5 

19 

1 2.53 

6.5 

1 17 

2.62 

3<‘ 

6.8 

21.5 1 

».10 

6.8 

18.6 

1 2.71 

6.8 i 

19.8 

! 2.80 

6.2 

i 15 i 

2.28 

4e 

6.5 

20 

:i07 

6.5 1 

1 17 

1 2.82 

6.7 i 

18.5 

; 2.75 

5.5 

! 15.3 i 

2.78 

5e 

6.2 i 

18 


6 

! 14.6 

1 2 43 

6 5 1 

21 5 

' 2.2r» 

5.2 

1 i 

! 2.90 

be 

6 

15.5 

2.70 

5.8 

18 1 

1 3 10 

62 : 

; 17 5 

i 2.80 

5 

1 14 

2.80 

7o 

5.5 

16 

:i 

5.5 

14 

2.72 

! 


I 2 50 


I 1 


8e 

5.2 

15 

2.88 

5 2 

1 ^ 

! 2,50 

5.5 

17 

i :i.lO 


! 1 
i 1 

i 

9c 

5 

13.8 

2.76 

- 

5 

15 1 

1 ^ 

5 i 
■ 

I 14 

j 2.80 


1 i 

1 


type 

inoyen ideal 

6,5 

1 

2.60 

I 

6.2 

f 

16.2 

1 

2.60 

1 

i 

16.5 

1 

j 2.87 

5.90 

1" i 

2.80 


On sc rend compte que I’amplitude de variation chez le type moycn 
de chaque classe nest pas tres prononcee. Toutefois, si nous compa- 
rons ces chiffres avec les indices moyens des hybrides Fi (2,960), des 
cohaya non-apparentes (2,711) et du (J.P. aperea (2,270), nous pouvons 
apprecier la forme relative de la tete par rapport au tronc, dans les 
diff6rents grouj^s. 

Par exemple, le type hybride de segregation a realise la forme de 
tete la plus proche de celle de I’hybride Fi, dans les groupes 3', 4, 5 et 7, 
tandis que, dans les autres groupes, il possede une tete approchant 
soit de la forme aperea, nouveaut^ ou cohaya, Le type ideal cohaya res- 
sort avec une t^te proche de Tesp^ce cohaya dans les groupes 3, 4 et 7; 
ailleurs il tend a sc rapprocher des moyennes d'une autre classe. C’est 
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le groupe 3 qui realise la forme de t^te la plus proche de Tespece paren- 
tale aperea. Pour ce qui est de la nouveaute, le point de comparaison 
manque, mais nous voyons que dans les groupes 3, 5 et 8 les individus 
de cette classe ressortent anormalement avec une tete de type hybride, 
la forme la plus proche de la nouveaute s’etant realisee dans les grou- 
pcs 1 et 7. 

Nous ne signalons que les principaux cas de ce s y s t e m c de 
variation pour ce qui concerne la tete, tout en faisant remarquer 
que ce systeme marque ses effets pour I'ensemble des autres caract^res. 
On con^oit done k quel point, sur un total de 294 sujets s^greg^s, les 
combinaisons peuvent etre nombreuses. 

Conclusion: Les types i d e a u x s o n t une s y n t h e s e 
d e tons les c a r a c t e r e s e n j e u. 

On voit ainsi qii’entre I’ensemble des caract^res du type ideal et 
1 'ensemble de ceux du type spieijique ,ilexiste une difference appreciable. 
Quelle est la signification quelle repre^sente? 

Nous jx^nsons qu’on ptuit sc baser sur le lait qu’a I’etat naturel 
les cspeces se sont creees selon un ensemble de conditions (climatiques, 
physiques, physiologi<jues, gentHiques, letalcs) et que ces conditions ne 
se sont qu'imparfaitement realisees dans la capHvite, oii d’autres in¬ 
terferences sont intervenues. 

D’autre part, I’hybridation en captivite met en presence des fac- 
teurs d’heredite dont les combinaisons creent des genotypes multiples, 
a p o t e n t i a I i t e s d e vie variables, plus ou moins fortes, 
<1 u’i 1 est p o ss i b 1 e d e m a i n t e n i r par I’e 1 e v a g e, 
L’elevage permet la survivance de certaines variantes de caracteres 
qui entrent en ligne de compte dans la formation des types ideaux;on 
peut supposer que ces variantes ne se maintiendraient pas en libertc. 

En outre, nous avons vu que Thybridation a crc6 des combinaisons 
ItHales qui ont, dans certains cas, modifi^ les donn6es tHablies par 
les lois courantes de I'h^redit^. 

On con<;,oit ainsi que les types specifiques tcls qu'ils se rcncontrent 
a I’etat naturel ne repr<^sentent pas compldtement les types ideaux 
que cree Thybridation en captivite. 

Une seconde question que soul^ve la constitution des types ideaux 
a trait au probl^me de I'Evolution des ^tres organises; cette question 
sera trait^e dans nos conclusions generales (g^nes qui n’arrivent pas a 
s exprimer) *). 

«) Voir le post-scriptum p. 514. 
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CHAPITRE TROISTEME 

LA PIGMENTATION 

Ainsi que nous I’avons d^ja dit, le croisement aperea x cohaya ne 
put avoir lieu qu'i partir d'un seul m41e de I’esp^ce sauvage. Nos 
r^sultats ne sont done ^tablis que dans la lignee provenant du seul 
cJ ancetre no. 1. 

Le (J. V,aperea, dont la determination est donnee k la p. 364 poss^dait 
comme caract^re principal de pigmentation un pelage dorsal agouti 
uniforme du type cendre, et un pelage ventral Wane, legferement 
teinte de creme. Le pelage dorsal, compose comme il convient de poils 
noirs bagu^s, possedait done le gene C associe au gene d'intensite sous 
sa forme recessive, i, (dilution). 

Le pelage du Cobaye domesiique est bien connu. Tant agouti que noir 
ou panache noir-feu-blanc, il se presente avec de multiples vari6t6s 
de nuances et de dessins, selon Ics diverses combinaisons pigmentaires 
possibles. 

Le Cobaye domestique peut etre egalement de coloration uniforme, 
agouti, noir ou fauve. L'agouti, toujours dominant sur les autrescou- 
leurs, n’est bagu4 qu’au dos, oh sa teinte, gr&ce a Tintervention plus ou 
moins active du gene 1, peut varier du cendre au roux, jusqu'4 la teinte 
chocolat. Le pelage ventral des ('obayes domestiques agouti, dont la 
nuance peut s’^tendre du jaune au brun-fonce, est alors forme de poils 
bicolores. 

C*est dans le pelage noir du Cobaye domestique que Ton peut re- 
marquer, parfois, la presence diffuse de brun ou de feu. 

Comme on le sait, les Mammif^res noirs doivent leur coloration, non 
seulement au g^ne particulier du noir en presence du gene de colora¬ 
tion C, mais aussi a un facteur d'intensite (1) qui renforce la pigmenta¬ 
tion. Si ce facteur manque ou est inactif (i), la teinte devient plus 
p41e; on dit alors qu'elle est diluee. Ce}>endant, le pigment noir con- 
tient toujours, en trace, parfois en dose plus forte, du pigment brun. 
C’est ce qui se remarque particuli^rement chez les sujets noirs unifor¬ 
mes, ou sur les aires noires des individus panaches, dans le pelage des- 
quels se trouvent des poils ayant une teinte l^gerement brunie, sur- 
tout k leur base. D'autre part, le pelage du ventre se fait souvent 
remarquer par une teinte plus ou moins roussitre. Ce genre de colo- 
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ration n'est pas attribuable k un ph^nom^ne de dilution proprement 
dit, mais k la presence plus ou moins accusde de brun dans la composi¬ 
tion g^n^rale du pigment noir, ainsi que Ta etabli. Miss Sollas (cf. 15) 
dont les recherches microscopiques ont montr^ que des dispositions 
diff^rentes des granules pigmentaires existent selon les diff^rentcs 
teintes. 

Chez les Cobayes domestiques, la face ventrale presente une ex¬ 
treme variety de coloration, chez les agouti aussi bien que chez 
les non-agouti. Le ventre, de memo quo la face dorsale, peut revetir 
une coloration uniforme ou bien presenter des aires diversement 
pigmentees. Frequemment, Ton remarque que les aires panachees se 
separent selon une ligne exactement medio-v’^entrale *). Quoiqu'il en 
soit, tant a la face dorsale qu'a la face ventrale, la disposition des aires 
pr<^sente une grande variation, bien que, du point de vue genetique, elle 
se ramene aux deux types fondamentaux: le Cobaye de colora¬ 
tion uniforme etle Cobaye de coloration panache e. 

Ce sont des fcmelles de ces deux types que nous avons utilis4es 
comme reproductrices avec le (^.P. aperea et dont les croisements ont 
about! a la formation de deux lignees de descendance, que nous analy- 
serous s^parement: lignees descendant d'unions avec des femelles 
]vanachees et d’union avec une femelle albinos. Seulement, comme cette 
derniere etait porteuse des factcurs de panachure, il en est resulte que 
chacune de ces deux lignees produLsirent de nombreux panaches. 

Quelques renseignements sur la genetique de la panachure ne se- 
ront done pas suix?rflus. 


LA PANACHURE 

Resume dc nos recherchas sur VHeredite de la panachure chez le Cobaya 
domestique 

La panachure, c*est-a-dire la presence de taches blanches plus ou 
moins ^tendues sur le champ du pelage est, chez les Mammiferes Tun 
des caract^res dont Thdredit^ a le plus 4tudi4e. On admettait ge- 
neralement que le pelage uniform^ment colors 4tait dominant sur le 
]X3lage panach(5. Chez les Cobayes, Castle a trouvd que le croisement 

1) Pictet et Ferrero (9). 
a) Pictet (10). 



412 


ARNOLD PICTET ET MLLE A. FERRERO 


uniforme par panache donnait lieu k une segregation monohybride 
simple. 

Toutefois, nos recherches avec Ic Cobaye domestique ont montre 
que I'heredite de la panachure est plus complexe J). 

D'apres nos donnees, nous avons trouve qu'il existe deux sortes de 
panachures, Tune dominante et Tautre recessive. La panachure 
recessive est uniquement localisee aux pattes, a Textremite du nez, 
aux joues, k une faible portion stemale, a une faible portion peri- 
anale, a une tache reduite sur la nuque et a une faible zone laterale: 
c'est done une panachure localisee. Tandis que la pana¬ 
chure dominante s*etend sur tout le corps cn surfaces plus ou moins 
etendues; a la face ventralc, elle est marquee par une bande medio- 
ventrale pouvant gagner toute la surface du ventre. Bien entendu, ce 
type de panachure temoigne d’unc grande variabilite d extension, de- 
puis Ic Cobaye blanc (non-albinos) jusqu’a celui dont le blanc est 
reduit a une faible portion du tronc ou de la tete. La panachure do¬ 
minante est done generalisee. 

Nous nous trouvons ainsi en presence dc deux s y s t e m e s 
monohybrides pouvant s'emboiter I'u n dans 
J’autre pour former un systc^me dihy bride. 

Nos chiffres ont montre, cn effet, qu'il existe p)our regir les relations 
entre le pelage uniformement colore et le pelage tachetc de blanc, 
deux couples de facteurs: I’action d’un facteur conditionnel de pana¬ 
chure gencralisee et celle d’un facteur de panachure localisee. ('es con¬ 
ditions sont realisees par Taction des facteurs suivants: 

P. Facteur conditionnel dc panachure gtnieralisee 
p. Absence de cette panachure uniformite de coloration 
U. Facteur conditionnel d’uniformite 
u. Absence de ce facteur ~ panachure localisee 
en admettant que u soil un inhibitcur de P, les animaux Pu ne pou¬ 
vant developper la panachure dominante aux regions localisees. 

Les diff<5rentes conibinaisons possibles des gametes s'etablissent 
comme suit: 


1) Pictet A. et Mile: Ferrkuo (9 
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I^anax:h^s generalises | Uniformes j Panaches localises 

1 PPUU 2 PPUu ! 1 ppUU ' 1 PPuu 2 Ppiiu 

2 PpUU 4 PpUii j 2 ppUu 1 1 ppim 

Soit: panachure g^neralistV domine sur uniformite (|ui dominc sur 
panachure localisee. 

Nous repetons qii’il y a lieu de faire la reserve que uu inhibe P 
e’est-a-dire que P est impuissant a produire la panachure generalisee 
dominante aux regions localisees, lorsque uu est present. L'inhibition 
de P par uu resulte d’une interaction entre genes, dont Tun paraly.se 
I’autre. 

Les deux systenies de panachure peuvent s’etendre plus on moins et, 
parmi les rck'essifs autant que parnii les dominants, on pourra obtenir 
line forte variation dY*tcndue des surfaces occupees par Ic panachure. 

Nous nous trouvons done entre deux modes differents de la pana¬ 
chure: 

1. la panachure dominante p r o g r e s s e sur 1 e 
pigment. 

2, la panachure r e c s s i v e r e g r e s s e d e v ant 
Te n v a h i s s e m e n t d u pigment. 

L'extension dii blanc sur Ic tronc se fait selon des territoires deter¬ 
mines, symcHriquement mc^tameriscs et qiii divisent le corps en zones 
transversales (Pictet et Fekrero, 1925). Sur chaque territoire, la 
panachure, marquee dans les cas de faible extension par une ligne 
blanche medio-ventrale, s'etend des deux cotes du corps ti tend a se 
rencontrer sur la ligne medio-dorsale; lorsque la rencontre a lieu, tout 
Ic territoire est blanc, mais il arrive que la panachure n'atteint la ligne 
medio-dorsale que d’un cottS ce qui marque alors une tache asymetri- 
que. On con^oit ainsi que e'est en raison d’une action inhibi- 
trice du pigment que la panachure n'a pu progresser. 

LlUrediti de la panachure dans les croisements aperea x cohay a. 

Bien que les donn^es qui pr^cMent aient 6t6 ^tablies d'apr^s nos li- 
gn6es du Cobaye domestique, il apparaJt que la panachure et Tuni- 
formitd de coloration suivent, dans le croisement aperea x cohay a, 
les mdmes regies factorielles. 

Dans la lescendance de ce croisement, la panachure est apparue 
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des la F 2 et sa presence s*est r^guli^rement poursuivie dans les gene¬ 
rations suivantes, conjointement avec des agouti et des noirs. 

Au (J.P. aperea, nous pumes donner 5 femelles cobaya: 

9 no. 168 agouti uniforme, porteuse de feu (avec laquelle aucune des¬ 
cendance ne put etre obtenue a partir de Thybride) 

$ no. 263 albinos 

$ no. 678 panachee noir-blanc, avec un pea de feu dorsal 
9 no. 820 ,, ft tt »» »f »f II II II 

9 no. 834 ,, noir-feu-blanc. 

Les femelles 678, 820, 834, faisaient partie des ligndes de Cobayes 
domestiques que nous avions en elevage depuis Tannee 1916 et qui, 
depuis cette date, s'^taient reproduites sous la forme panachee, 
de generations en generations. 

La fenielle agouti 168, de coloration uniforme au dos et uniforme 
roux au ventre, s’etait toujours reproduite .sous cette forme avec un 
mile .semblable, depuis I’annee 1917. 

Quant a la femelle albinos 263, elle etait un recessif di.sjoint d*un 
crpisement avec un descendant de nos femelles panachees. 

Croisement du aperea avec les trois femelles cobaya panachees 

En vertu de la loi mendeiienne de dominance, tons les hybrides Fi 
provenant de ces croisements devaient appartenir au type agouti, 
quelle que fut la coloration des m^res. En outre, ils devaient tons itre 
de couleur uniforme i la face dorsale, aiissi bien qu*a la face ventrale. 

Effectivement c'est ainsi qu’apparurent les 24 hybrides (plus un 
mort-n^, qui fut presque completement ronge par ses parents, mais 
sans doute agouti uniforme) qui naquirent de ccs croisements. C*6taient 
des agouti au pelage dorsal bague et au pelage ventral de couleur 
jaune sombre. * 

La teinte du dos de ces hybrides qui se rapprochait dnormement de 
celle de Vapereat 6tait par consequent cendr^e quoiqu'un peu plus 
fonc6e, ce qui marque la dominance de la coloration 
agouti du type sauvage sur la coloration agou¬ 
ti de I’esp^ce domestique. Quant au pelage ventral des 
hybrides, il 6tait de couleur nettement jaune, un peu assombri sur 
toute la surface du ventre, sous la tete ainsi qu’i la face interne des 
pattes. 

La descendance des croisements du aperea avec les femelles 



LA DESCENDANCE D*UN CROISEMENT INTERSP^CIFIQUE DE COBAYES 415 


cobaya 678, 820 et 834 s'est montr6e, en F 2 , avec line uniformity re- 
marquable, dont on trouvera les r^sultats au tableau 17. 


Tableau 17. — Repartition de la pigmentation 



agouti 

uni¬ 

forme 

agouti 
et blanc 

noir 

uni¬ 

forme 

noir et 

blanc 

avec du 

feu 

albinos 

aperea x $$ cobaya 

16 

! 0 

0 

0 

0 

0 

F 2 provenant de 
? cob. 678 .. . 

46 

I ^ 

16 

8 

0 

0 

5? cob. 820 . . . 

41 

9 

5 

3 

0 

0 

V cob. 834 . . . 

34 

5 

10 

8 

0 

0 


1 121 

23 

3\ ~ 

19 

1 0 

0 


agoutis 144: non-agoutis 50 — Rapp. 2.88 : 1 


1*3 






provenant do 10 cou¬ 
ples du type liybnde 
choisis parmi les su- 
jets de la F 2 

64 

I 

31 

22 

8 

0 


agoutis 95: non-agoutis 30 — Rapp. 3.16 : 1 


cToisemcnts en retour! 
cJcJ byb. F, X 21 , 

cobaya . . . . ! 


agoutis 43 -f 46 
non-agoutis 43 f- 45 
Rapp. I : 1 : 1 : 1 


89^ 


0 


On remarquera que I'albinisme est completement disjoint de la des¬ 
cendance, ce qui montre que le ^^aperea, aussi bien que scs trois fe- 
melles cobaya, rypondaient a la formule CC, c'est-^-dire ytaient homo¬ 
zygotes pour la pigmentation, D'ailleurs, dans toute la descen¬ 
dance directe deces croisements, aussi loin que nos chiffres se 
soient poursuivis, aucun albinos n'est jamais apparu. 

On ne manquera pas non plus de remarquer I’absence complete de 
descendants porteurs de taches feu. Ce type de colora¬ 
tion aurait du normalement ressortir d^s la F 2 . II s*agit \k d'une ano- 
malie de dissociation de facteurs *). 

1 ) De nombreux albinos et individus avec du feu ont, cependant, surgi dans la 
descendance du aperea, mais k la suite de ses unions avec la femelle albinos 263. 
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Nous reticndrons particuli^jrement des r^sultats de ces croisements 
que la dissociation des facteurs de coloration en jeu s'est produite 
selon Ics provisions mendelienncs voiiliies: 3 agouti pour 1 non¬ 
agouti. Confirmation de ces provisions est Ogalement foumie par Ics 
rOsultats des croisements cn retour. 

La t c i n t e j a u n e-s o m b r e de la face vent rale des hybrides 
est le resultat de la combinaison: 

apercavtnirecv^moi x ventre C. 

Les poils du ventre des hybrides sont btcolores, d’linc teinte gris- 
sombre a la base (action du gene C du parent cohaya) et teintO de 
creme TextrOmitO distale (action de hi teinte creme du ventre du 
parent aperea). La teinte creme n’est que ventralc; c’cst ce qui expli- 
quc Texclusion du feu dans Ic pelage dorsal des descendants. 

U.MFORMITK DE COLORATION ET BICOLORISME 

On sail que, chez les Cobayes, TOtendue des surfaces })anachOes 
varie dans de larges proportions, depuis le C'obaye completement blanc 
(non-albinos) jusqu’a celui dont le pelage ne s’agrOmente que d'une 
infime quantitO de poils blancs. A cote de ces extremes, se rencontrent 
dcs sujets qui nc prOsentent aucune trace de panachure: ce sont des 
uniformes de coloration. Les degres d'extension des mar¬ 
ques blanches dOterminent la formulc genOtique de la panachure. 

Nousavonsvu (p. 412) qu’il existe deux sortes de panachures, Tune 
dominante, gOncralisec, disposee sur Tenscmble du corps, 
Tautre 1 o c a 1 i s 0 e a de faibles regions. Chacun de ces deux types, 
pris sOparOmcnt, est regi par une .simple paire de facteurs; ces deux 
systemes monohybrides s’emboitent Tun dans Tautre pour constituer, 
conjointement avec I'liniformitO de coloration, un systenrfe dihybride. 

Les caracteres de la morphologic generale du corps sont r6gis, ainsi 
que nous I’avons vu, par I’intcrvention de deux couples de facteurs. La 
liaison g6n6tique entre eux et ceux qui conditionnent la pigmentation 
ne pent done avoir lieu que .si deux couples de facteurs interviennent 
pour r^gir la repartition de la couleur sur le pelage des descendants. 
La formule habituelle de la pigmentation 6tant celle d'un mono- 
hybride, la liaison e.st alors impossible; il faut Tenvisager dans le sens 
que deux couples de facteurs conditionneraient la pigmentation et 
c*est precis6ment le cas, si Ton tient compte de la notion d'uniformit^ 
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de coloration et de bicolorisme, c'est-a-dire de la repartition g6neralisee 
ou localisee de la panachure par opposition a Tuniformite de colo¬ 
ration 1). 

Siir les 162 sujets nes en F 2 il y eut: 

94 avec le pelage agouti uniforme 

30 ,, ,, agouti et blanc 

28 ,, ,, ,, noir uniforme 

10 „ ,, ,, noir et blanc 

162 c cst-a-dire la consecration d'une disjonction dihybride en 
4 classes, dans la proportion de 9 : 3 : 3 : 1. 

Mais en considerant la segregation sur la base du type de colora¬ 
tion, nous avons: 


f- 28 uniformes 


soit, proportion 3,05 : 1 2 ) 


30 10 panaches 40 J * * ^ 

Ainsi considerees, ces proportions ne peuvent en aucune fa^on s’a- 
dapter simplemcnt aux proportions de segregation de la morphologie 
generale. 

II semblorait qu'il y ait concordance puisque, dans chaque cas, 
se retrouve la repartition des caracteres en 4 classes. On doit cependant 
remarquer que cette concordance est illusoirc; elle n*a d*aillcurs au¬ 
cune raison d’etre, les genes conditionnant la structure morphologique 
n’etant par les memes que ceux qui regissent la pigmentation. On s’en 
aper<;oit du reste par le fait que, dans chaque classc, on peut trouver 
tons les tyj)es de coloration. 

C'ette dissociation des facteurs pour I’liniformite de coloration et 
le bicolorisrne selon les proportions d’un dihybride doit rctenir notre 
attention. 


On est amene a considerer que cette dissociation, dans laquclle in- 
terviennent deux alldlomorphcs (agouti/non-agouti) et qui est done 
conforme aux resultats d’un croisement h6t6ro-het6ro de dihybridisme, 
se traduit par une division en quatre classes lorsqu’on fait intervenir, 
par opposition k la panachure, Tuniformit^ de coloration. II faut fairc 
^tat que dans les combinaisons monohybrides agouti/non-agouti 
agissent les g^nes particuliers de la panachure qui donnent des r^- 
sultats comparables k une segregation dihybride. C*est la consequence 


1 ) Pictet A. (10). 

2 ) La dominance de runiformiW de coloration provient dans ce cas, de ce 
que I’agouti est lui-m6me dominant sur le non-agouti. 


Genetica XXV 


27 
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dela r4partition de la pigmentation sur les ter- 
ritoires m4tam4ris4s de la morphologie g6- 
n^rale du corps. 

Le croisement initial avait eu lieu entre: 

(J.P. aperea agouti uniforme r^cessif, ppuu et 
$$ cobaya panacMes g4n4ralis4es dominant, PPUU 

d’oii naquit I’hybride agouti uniforme, double hdt^rozygote, r^pon- 
dant done k la formule PpUu, I’equation PpUu x PpUu ayant pro- 
duit: 





trouv^ 

calculi 

Pan. gdn^ralis^. 

PU 

9 

86 

91 

Pan. localise. 

Pu 

3 

32 

30 

uniformes. 

pu 

4 

44 

162 ' 

41 


approximation suffisante. 


Voyons maintenant comment cette dissociation en 3 classes de 
pigmentation pourrait s’adapter aux 4 classes de structure morpholo- 
gique soit en: 


3 CS type ovoide-larges oreilles 
9Cs „ ,, petites oreilles 

3 cS „ fusiforme-larges oreilles 
1 cs „ „ petites oreilles 


= cobaya 

— type hybride 

- • type nouveaut4 
= type aperea 


en tenant compte que les types nouveaut^ et aperea ayant les mtoes 
indices de corpulence peuvent etre r^unis dans une mSme classe sous 
le rapport de la pigmentation, ce qui ramtee la dissociation des carac- 
t^res morphologiques k trois classes en 9 Cs : 3 CS : 4 cS + cs. 

De cette fafon, il y a concordance entre le syst^me morphologique 
et le systtoe pigmentaire. 

Parmi les couples constitufe avec des individus de la F 2 nous re- 
tiendrons les suivants qui confirment les donn4es ci-dessus: 
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calculi 



trouve 



g^n^r. 

local. 

unif. 

gdn^r. 

local. 

unif. 

Pan.giSn^r. x Pan.g^n^r.PPUUxPPUU 
(4 couples) 

1 

0 

0 

55 

0 

0 

Pan.g^n^r. x pan.local PpUu x I’puu 
(5 couples) 

3 

3 

2 

20 

22 

17 

Pan. local, x unif. Ppuu x ppUu . . 

(3 couples) 

1 

2 

1 

10 

19 

12 

Pan. local, x unif. Ppuu x ppUU . . 

(10 couples) 

1 

0 

1 

45 

0 

48 

Unif. X unif. ppUu x ppUii .... 

(1 couple) 

0 

0 

1 

0 

0 

27 

Unif. X unif. ppUU x ppUU .... 

(2 couples) 

0 

0 

1 

0 

0 

IS 

Unif. X unif.. ppuu x ppuu .... 

(10 couples) 

0 

0 

1 

0 

0 

i 

119 


Les croisements en retour, par la raison que toutes nos 
femclles hybrides devaient ^tre uniquement employ&s avec nos 
m4les hybrides en vue dc la realisation du plus grand nombre possible 
de chiffres Fi x Fi, nc purent etre executes qu’en utilisant nos m41es 
hybrides, pour les unit, en outre, k 21 femelles cohay a non-apparentees, 
mais toutes homozygotes pour le facteur non-agouti. En effet, ainsi 
que nous I’avons deja fait obser\’er, ccs femelles appartenaient k une 
lignee constante de non-agoutis. Le croisement des m41es hybrides 
avec ces 21 femelles donna les chiffres suivants: 


Agoutis panaches . . 

. 42 

Noirs panaches . . . 

46 

Agoutis uniformes . 

43 

Noirs uniformes . . 

. 45 


176 


ce qui temoigne de regalite numerique entre individus panaches et 
uniformes, conformement aux r6sultats d'un croisement en retour 
h6t6ro-homo de dihybrisme. 

D*autre part, en classant les sujets comme suit: 

Agoutis panaches.185 

‘ „ uniformes.43 j 

Non-agoutis panaches. 1 91 

„ uniformes .... 45 J 
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on constate l*^galit6 numerique (avec faible deviation) entre les termes 
agoutis et non-agoutis, dans la repartition des caractferes de la struc¬ 
ture morphologique d'apr^s Tequation: 

CcSs hybride agouti x CCSS cobaya non-agouti 
Sur les 42 agoutis panaches, nous avons compte 32 generalises: 
10 localises. 

Sur les 46 non-agoutis panaches, nous avons compte 34 generalises: 
12 localises 

soit la proportion 3 generalises: 1 localise, ce qui est conforme aux 
previsions. 

Maintenant, nous classons les chiffres sur la base des trois termes: 
pan. gener. — pan, local. — unif. et nous voyons que ces chiffres 
s'adaptcnt aux resultats dc I'equation: 

c?<? hyb. Fi ppUu X ?$ cohaya PpUu soit: 

(agouti unif. porteur de panachure) (panachure generalisee) 



1 obtenu 

calculi 

Pan. gener. 

,, local. 

S} <«) 

3 661 

1 (4) 22 } 

Unif. 

86 

0 88 


Dc cette fa^on, les trois termes de pigmentation se ramenent a 
deux termes (panachure/uniformite) qui peuvent parfaitement s'adap- 
ter aux deux termes (panachure/uniformite) du croisement initial. 

Heredite des variations de nuances de coloration dorsale 

Dans les croisements directs hyb. Fi x hyb. Fi, de meme que dans 
les croisements cn retour, les pigmentations agouti et non-agouti se 
repartirent selon plusieurs variantes d’intensite de coloration, parmi 
lesquelles Tagouti du type hybride voisinait avec Tagouti roux, Tagouti 
fonce ou chocolat, panache ou non. Quant aux non-agouti, ils n'etaient 
representes que par des individus noirs ou noir blanc. Toutefois, nous 
n'avons pas tarde a remarquer que le pelage noir etait, a son tour, re¬ 
presente par deux variantes, celle composee de noir sans 
melange et celle dont le noir etait teinte de 
roux diffus. 

Les chiffres obtenus montrerent nettement que, dans la dissociation 
des facteurs en action, il devenait necessairc de considerer ces diverses 
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variantes comme ayant, entre elles, une liaison 
gdnetique. C*est ce que montrent les proportions rdalisees dont le 
detail est portc au tableau 18. 


Tableau 18. — Proportions des diverses variantes de coloration dorsale 


hyb. F| X hyb. F|. 

variante agouti cendr<» 

(J hyb. Fi 

X cobaya 





Rapport 



Rapport 

agouti cendre (hyb.) . , 

. 73 

73 . 



44 

44 

1.01 = (1) 

agouti gris. 


1 

1 

145 

2.90 




agouti fonce ou chocolat 

20 \ 

72 J 



25 \ 

45 

0.98 - (1) 

agouti roux. 

. 45 y 




15 J 



noir pur.. 

. 24 

24 1 

^ 49 

1 

46 

46 

0.98 == (1) 

noir teint(5 de roux . . . 

. 25 

25 t 



42 

42 

1.05 (1) 

porteur de feu. 

■ ^ 




0 



albinos.. 

‘ 0 




0 




194 




177 ‘ 








agouti . 

.89 


1 




non-agouti .... 88 


On retiendra de I’cxamen de ces chiffres les observations qui sui- 
vent: 

Dans la descendance des croisemcnts directs hyb. Fi x hyb. Fi, les 
representants dii type de nuance cendree hybride et ceux des trois va¬ 
riantes d’agouti re.ssorteni en proportions pouvant etre considerees 
comme egales (73-72). II en est de meme en ce qui concernc le nombre 
des representants des deux variantes de coloration noire (24-26). En 
outre on remarquera que les rapports de ces quatrc chiffres (73, 72, 24, 
26) sont de Tordre de 3 : 3 : 1 : 1, qui parait imputable aux r^sultats 
d’une equation monohybride (145-50; 6:2). Seulement cette equa¬ 
tion ne tient pas compte de la repartition egale des deux variantes 
d'agouti, ni des deux variantes de noir qui n’en sont pas moins un fait 
accompli qui appelle I’intervention d’au moins deux paires de facteurs. 
Nous devons considerer Taction du gdne agouti cendre, soit A associe 
a la dilution i, par opposition k Tagouti non-dilue AI, c’est-i-dire 
deux variantes d'agouti. D'autre part, nous voyons que la coloration 
noire du poil agouti de m^me que le noir du poil non-agouti, s'agre- 
mentent, pour une part egale, de feu diffus. (Cette teinte feu est inter- 
venue dans la coloration jaune de la face vent rale des hybrides). Elle 
fait done partie de la constitution generate formee par la combinaison 
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aperea X cohay a et concourt, k son tour, a la formation de deux va- 
riantes du facteur C (g^ne particulier du feu se trouvant en presence 
du facteur C). Ainsi consid^rees, les proportions r^alis^es s'expli- 
queraient par les equations: 

Aali agouti cendre dominant x AaTI nuances variantes d*agouti 
(en considcrant I comme Texpression du feu diffus) 
donnant pour resultat: 

agouti cendr^ ... 3 

agouti variant... 3 

noir sans mdlange . 1 

noir teinte de roux 1 

et en ce qui concerne les croisements en retour: 

Adiii agouti cendre x panachure noir -f- hlanc 
donnant pour resultat: 

agouti cendrc ... I 
agouti variant... 1 

noir sans melange . 1 

noir teint6 de roux 1 

Hiredite des variations de nuances de coloration ventrale (tabl. 19) 

Le croisement aperea x cohay a panachecs, a mis en pr&ence 


Tableau 19. — Proportions des diverses variantes de coloration ventrale 


hyb. Fi X hyb. Fj (ventre jaune) 

(J hyb. Fi (ventre jaune) 
X $$ cobaya panach<ies 





rapports 



rapports 

jaune. . . . 

54 

54 


1.09 = (1) 

43 

43 

0.97 - (1) 

blanc .... 

3 




0 ■ 

• 


blanc-cr^*mc . 

15 




2 



erdme . . . 

12 

45 

3.04 

0.96 =- (1) 

5 



gris creme. . 

15 . 



7 

42 

0.95 = (1) 

roux .... 

33 \ 




21 



brun .... 

12/ 

45 


0.97 = (1) 

7 



noir pur . . 

25. 

50 



47 

47 

1.06 = (1) 

noir roux . . 

25 / 

1 

0.98 = (1) 

45 

45 

1.02 == (1) 

albinos . . . 

0 




0 



avec feu . . 

0 




0 



i 

194““ 




177 

agouti 85 

non-agouti 92 





LA DESCENDANCE D^UN CROISEMENT INTERSP^CIFIQUE DE COBAYES 423 


deux antagonistes dont la couleur ventrale participe, chez chacun, 
d*614inents s'apparentant au jaune. 

La F 2 a fait ressortir un certain nombre de variantes de nuances de 
coloration ventrale dont il faut chercher une classification sur la base 
du jaune et du blanc. Nous donnons au tableau 19 les proportions 
numeriques realis6es par chacune de ces variantes. 

II est int^ressant de noter que les diverses variantes de coloration 
ventrale se r^partissent, dans la descendance directe et en retour, en 
quatre classes d’origine pouvant etre consid^rees comme num^rique- 
ment dgales: 


jaune hybride. 

54 indiv. 

43 indiv. 

bianc-creme (aperea). 

45 „ 

42 „ 

brun-roux (variante acquise) .... 

45 „ 

47 „ 

noir fcobaval. 

50 .. 1 

45 


En outre, dans les deux genres de croisements, on voit apparaitre 
aiitant d’individus ayant le poil noir sans melange, que de sujets por- 
teurs de noir teinte de feu diffus. 

ORIGINE DE L’aLBINISME ET DE LA COLORATION FEU DANS LA DESCEN¬ 
DANCE DU <J.P. APEREA 

Nous av^ons essaye d'introduire dans le patrimoine chromosomique 
des descendants du (J. P. aperea les facteurs pour Talbinisme et pour le 
feu qui avaient ^td disjoints dans les unions avec les femelles cobay a 
panachdes. Deux essais ont dtd tentds. 

Le premier a consistd a donner 4 ce male, une ?. 168 agouti uniformc 
4 ventre brun. 

De cette union naquirent, en deux portdes: 

6 agoutis uniformes nuance cendrde et ventre jaune parmi Icsquels 
se trouvdrent 4 morts-nds et 2 m41es. Ces hybrides dtaient done sem- 
blables 4 ceux issus du croisement avec les femelles cobaya panachdes. 

Plusieurs tentatives furent faites pour obtenir une descendance de 
Tun de ces deux hybrides, mais sans succds, ce qui nous laisse 4 penser 
que ce m41e dtait stdrile. 

Le second essai fut plus heureux. II consista 4 donner au ^ P. aperea 
une ? cobaya albinos 263 dont il eut: 







424 


ARNOLD PICTET ET A. FERRERO 


4 hybrides: 1 (J.agouti cendr^, ventre jaime, no. 22 

1 mort-n6 agouti 

2 cJ.albinos 

Puis cc agouti no. 22 fut remis avec sa mere cobaya albinos 263, 
cn sorte que toute la descendance de cette union s'est trouv^e r^gie par 
rintervention de facteurs d’agouti et d'albinos, en combinaison h6t^ro- 
liomo. En voici Ics resultats en cc qui concerne la premiere generation: 
2 agouti cendr6, ventre jaune 
1 agouti fonce, ventre gris-roux 
1 agouti fonce, ventre brun 
1 agouti panache, ventre roux 
6 noirs, ventre noir sans melange 
4 noirs panaches, ventre noir sans melange 
1 agouti panache et feu, ventre roux 
1 noir panache et feu, ventre noir sans melange 
14 albinos 

31, soit 15 pigmenU's—14 albinos—2 porteurs de feu. 

Si Ton considere que sur un ensemble de 31 sujets il s'en est trouve 
deux porteurs de feu, e’est-a-dire la proportion de 15 : 1, il appert 
que la combinaison ^Mperea (agouti) X ? .cobaya albinos, sa mere, a 
mis en action deux couples de facteurs. D'autre part, il a ete produit 
17 pigmentes: 14 albinos, rfeultat het^ro-homo attendu. 

Notons encore que le pelage ventral noir des non-agouti n*est res- 
sorti en aucun cas teinte de roux diffus. 

La femelle albinos 263 ayant apportc le facteur pour le feu dorsal 
dans la descendance dun agouti (le ^.aperea) ne le portant pas, il cn 
est r^sulte la formation de deux classes de descendants: 

1. ceux possedant la condition de pigmentation dorsale avec feu 

2. ,, ,, ,, ,, ,, ,, ,, sansfeu 

Le tableau 20 montre les r&ultats des operations pratiqu6es entre 

le cJ.hyb. 22 et des femelles cobaya de chacune de ces deux conditions. 

Pour analyser les chiffres du tableau 20 qui, a premiere vue, ne 
semblent pas correspondre a une signification genetique, il faut les 
classer par croisements de meme nature. Ce classement donne 4 possi¬ 
bility de combinaisons qui sont les suivantes: 
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pigm. 
sans feu 

pigm. 
avcc feu 

j albinos 

f. Pigm. sans feu par pigm. avec 




feu 




operation a. $.714. 

34 

0 

0 

434 X 443 . 

14 

4 

0 

687 X 621 . 

2 

4 

0 


16 


0 

IT. Pigm. sans f l' u x pigm. a v e t feu 




operations c. et e. $. 789 . 

7 

1 

0 

$.548 . 

12 

5 

1 

324 X 298 . 1 

18 

11 

7 

V.962 . 

7 

0 

3 


44*'" 

17 

11 

III. Pigm. avec f c ii x p i g avcc. feu j 




operation 177 X 177 . j 

0 

9 

7 

(albinos x albinos) 181 >: 245 .1 

0 

0 

15 


Tableav 20. Heredite dc la condition: pi^mcnfe avcc lea ct pionicnte 

sans fen 



1 generation 

11 gi'neration 

III generation 


sans feu,avec feu; 

1 

pigm. 
sans feu 

1 1 albinos 

aver feu; 

pigm. 1 pigm. 
sans feu av(‘r feu 

albinos 

^ kyh. 2 j ag. sans fen 
u $ robaya A.714 pigm. 
non-agouti ave(' feu 

565 

0 

0 

565 22 
565 

0 

0 


1 ! 

1 

1 i 


b, $ cobaya A.789 pigm. 
non-agouti sans feu 

r. $ cobaya A.540 pigm. 
agouti-non sans feu 

7 * 

434 

298 

1 

443 

5 

0 

1 

^♦l4 

443 

687 

4 

11 

0 

7 

687 5 
62'1 ^ 

i 

4 * 

i 

! 0 

1 

d. 9 cobaya R.807 pigm. 
non-agouti sans feu 

0 

171 ^ 

0 

177 0 

177 

9 

245 ‘ 

0 

0 

‘®ll5 

245 

t*. 9 cobaya R.962pigm. 
non-agouti sans feu 

7 

0 

3 




1 




“~38 

ib' ” 


54 

“24“'“ 

14 

2 ' i 

--- 
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Ces operations montrent nettement la dominance de la 
condition sans feu sur celle avec feu. Aussi est-ce 
pourquoi Toperation a. n’a-t-elle produit que des individus sans feu. 
L’operation d, justifie la reapparition de Talbinisme. 


1 Ve Possibilite de combinaison : 

Nous devons maintenant rappeler que le (J.hyb. 22, agouti, a lui- 
meme re 9 U le facteur de la condition sans feu du croisement de sa mere 
albinos 263. Ce m41e est done heterozygote pour la condition sans feu 
tout autant que sa mere. On peut, en consequence, considerer les 
albinos de cette lignee comme des organismes porteurs de la condition 
sans feu et les additionner avec les colores sans feu. Nous aurons ainsi: 
pigm. sans feu 44*1 


albinos 


11 


} 


pigm. 


avec feu 17 


soit, entre eux, la proportion de 3 : 1 (3,2 : 1), qui est imputable k un 
croisement ayant mis en action deux couples de facteurs. Ce qui s’ap- 
puie egalement sur le resultat signaie p. 422. 

Nous avons encore ill remarquer que, parmi les 5 femelles cobaya 
donnees au cj.hyb. 22 (tableau 20), Timion avec la ?.548, agouti sans 
feu, donna: 


30 sans leu: 16 avec feu: 8 albinos, 

soit la proportion voi.sine de 3 : I, en additionnant les albinos aux sans 
feu. 

Quant aux unions avec les 3 femelles non-agouti sans feu, soit: 

14 sans feu: 5 avec feu: 3 albinos 

la proportion 3 : I ressort egalement en additionnant les albinos aux 
sans feu. 

Cela nous montre que les resultats sont semblables, qu'il s’agisse 
d*une femelle agouti ou d\me femelle non-agouti. 


PROPORTIONS MENDELIENNES ANORMALES REALIS^ES DANS LA 
DESCENDANCE DU cJ HYB. 22 


La production de I’albinisme et de la lopgueur du pelage dans la 
descendance du croisement aperea x cobaya, a donn6 lieu k d*in- 
t6ressantes deductions. 

On sait que chez les Cobayes, le pelage albinos est r6cessif, en mo- 
nohybride, sur le pelage colore. II en est de meme pour le pelage long 
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par rapport au court (Pictet et Ferrero 13). Ces deux notions ne se 
sont pas v4rifi4es de fa^on absolue dans certaines lignees descendant du 
cJ hyb. 22. 

Un examen superficiel des chiffres globaux n*a pas tard6 k nous 
montrer que, proportionnellement au nombre des color4s, les albinos se 
pr^sentaient en fort exc^dent sur la proportion r^glementaire et que les 
animaux k pelage long pr^dominaient sur ceux a pelage court. Cepen- 
dant on ne saurait trop se fier a la m^thode des totalisations globales 
dans lesquelles sont compris les chiffres de series eloigni^es de la 
moyenne, en application de la loi des grands nombres. Aussi avons- 
nous calculi les moyennes d'aprte des croisements de memc 
nature, en tenant compte de la parents. 

En outre, nous avons dtabli nos conclusions en nous basant sur la 
totalite des chiffres de chaque croisement. Les anomalies 
menddiennes auxquelles ce chapitre est consacre proviennent chacuiie 
dc Ta c t i o n d'u n facteur letal introduit dans le patrimoine 
chromosomique du ^ 22. En voici l*analyse g^netique: 

1. Sur Vaction d\in facteur letal agissant sur la coloration. 

Nous avons vu que le cj hyb. 22 4tait par sa mkre 263 porteur 
d'albinisme, r^pondant done a la formulc Cc. D^s lors, dans la des¬ 
cendance de ce m41e, toutes les unions de colores portcurs d'albinisme 
(Cc X Cc) devaient forc^ment faire ressortir la proportion de 3 co¬ 
lores : 1 albinos. Or la totalisation de ces unions, k partir de la F 2 donna 
en reality: 

134 color^s: 65 albinos soit la proportion de 2,06 : 1, 
e’est-^-dire une evidente d6viation de la proportion mendelienne. 

Parmi les hypotheses permettant d’expliquer cette anomalie, nous 
avons retenu celle de I’apport d’un facteur Idtal agissant sur les colores 
de la descendance. 

Selon cette hypoth^se, la disjonction des facteurs devrait donner 
lieu k requation suivante: (1 =- 16tal) 

Clc X Clc =- 1 ClCl + 2 Clc + 1 cc 
ClCl recevant deux fois le facteur letal serait 61imine et il ne resterait 
plus, vivants, que 2 colores: 1 albinos. Le facteur letal n'aurait d'ac- 
tion que sur les homozygotes CC. 

Mais avant de rechercher si cette hypothese concorderait avec les 
resultats, il convient derappeler (p.423) que le <J.P. aperea avait 6te 
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uni line femeile robayit albinos no. 263, soit, par definition, une cc. 
T)e cette union etaient n4s: 

2 cj hybrides Fi, agouti, porteurs d'albinisme, done des Cc. 

L'un de ces m^les ne fut pas utilise; mais Tautre, catalogue sous 
le no. hyb. 23, fut croise en retour avec sa propre mere 263 (al¬ 
binos) dont il cut (p. 424): 

31 petits, dont 17 colores: 14 albinos 
resultat pouvant etre considere comme celui d’une segregation hetero¬ 
homo, moitie: moitie Cc x cc. 

En outre du croisement avec sa mere, ce o .hyb. 22 fut mis cn pre¬ 
sence de 4 femelles robaya dont 3 panach(^es non-agouti, nos 542 (Cc), 
548 (CC) et 962 (CC), et une albinos no. 563 (cc) provenant de notre 
materiel en elcvage depuis 20 ans dans notre laboratoire. Lc tableau 
suivant indique le detail de ces nouvelles operations, adaptees aux don- 
nees de notre hypoth^se: 


Tableau 21, - Descendance du J hyb. 22 


I-ig- 

n^es 

p 

ffametes 

Keprocluc- 
teurs gent^- 
ration fillc 

colores 

albinos 

propor¬ 

tion 

I 

^ hyb. 22 Cc 


C'—c 

I C'c A (''c 

26 

13 

2 : 1 


$ Cob. albinos 563,cc 






11 

^ hyb. 22 Cc 

9 cob. col. 542 Cx 


C' - c 

(''c > C'c 

29 

14 

2.07 : 1 


F 2 tie (J hyb. 22 



[ 




111 

cJ hyb. 22 Cc 








$ cob. col. 962 CC 


CC - Cc 

C'c X C'c 

22 

7 

3.14 : 1 


non-apparentce 





• 


IV 

(J hyb. 22 Cc 








$ cob. col. 548 CC 


cr - C'c 

CC X C'C 

37 

0 

1 : 0 


non-apparent<?e 








Aux lign^es I et II, ce seraient uniquement des het6rozygotes por¬ 
teurs du facteur l^tal qui seraient ressortis a la generation fille, en 
sorte que la descendance ne pouvait comporter que des Clc, produi- 
sant, entre eux, 2 colores: 1 albinos. Et e’est effectivement ces propor¬ 
tions qui se sont realises; soit, 26 : 13 et 29 : 14. 
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Aux lign^es III et IV, le jeu de la dissociation des facteurs aurait 
fait ressortir quatre sortes de gametes, Cc, CC, Clc et Clc. En III, ce 
seraient des Cc qui auraient ^t^ s^lectionn^s comme reprodiicteurs, et 
c’est pr6cis4ment la proportion reglementaire de 3 : 1 qui a ete 
produite. Quant a la lignde IV, seuls des CC, affranchis du facteur l^tal, 
seraient ressortis et Ton voit que la proportion realis^e, 100% de co¬ 
lor's, justifie cette interpretation. 

L’hypothese se trouve ainsi pleinement confirmee par Ics propor¬ 
tions obtenues, ainsi que par les totalisations globales. 

L’origine de la production du facteur Ictal sera discutee dans le 
chapitre suivant. 

2. Sur Uaction d'un facteur letal agissant sur la longueur du pelage 

Nous savons que le pelage court est dominant sur le pelage long. 
Cependant la totalisation, des la F 2 , des chiffres provenant d'un en¬ 
semble d’unions a pelage court (Pp x Pp) nous donna au lieu de 3 
court: 1 long: 

110 sujets a poils longs pour 49 a pelage court 

soit la proportion de 2,2 long : 1 court, c'est-^-dire le renversement de 
la dominance. 

Nous avons etudie avec soin Ics modalites de cette anomalie. 

Mais, avant de transcrire nos chiffres, il est necessaire de donncr 
line exacte description de I’organisation du pelage sur le corps du 
j.P. aperea, dont le poil ^tait partiellement court et partiellement 
long. On verra dans la suite que cette disposition particuliere du pelage 
a introduit des g^nes conditionnant la longueur des poils qui sont 
differents de ceux qui la conditionnent dans I'espece cohaya ; les uns 
et Ics autres ctant entres en combinaison dans le patrimoine hdr^ditaire 
des hybrides Fi, on con^oit que le pelage des descendants ait participe, 
cn diverses manidres, de cette circonstance. 

Le cJ.P. aperea, agouti cendr4, poss^dait un pelage rude, hirsute, 
dont la longueur variait selon I'emplacement du corps considere. Cette 
disposition particuliere du pelage s’^tant transmise dans la descen¬ 
dance en opposition avec la nature du poil de cobaya, il faut en re- 
donner la description: (photo 1). 

A la t et e, le pelage etait touffu sur la nuque, entre les oreilles 
et autour des yeux. 
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L e long d u d o s, le pelage etait dispose uniform^ment en d-i 
rection antero-posterieure. 

Sur la croupe, le pelage, l^g^rement plus long qu’^ la t^te, 
etait dispose de fagon a former une croupe termin^e a angle droit. 

C’est-a-dire trois groupes de caracteres bien d^finis, representant le 
type du pelage aperea, en opposition a la distribution uniforme du pe¬ 
lage chez cobaya, formant le type du pelage cobaya, 

Le croisement initial (J.P. aperea x $ cobaya long ($ 263 k poils 
longs) a done mis en opposition: 

type de pelage aperea court x type de pelage cobaya long 
et a donne un hybride ((J.hyb. 22) qui est un animal au p)oil court du 
type cobaya (v.p.424), montrant ainsi que le tyjje du pelage cobaya 
est dominant sur le type du pelage aperea, Dans la descendance nous 
voyons apparaitre, en diverses proportions, des: 
aperea s6gr6g6s au pelage court cobaya segregds au pelage court 

M If if 1^^8 »» » * »' »» l^^S» 

qui montrent I’interaction des facteurs dcs deux types Tun sur Tautre. 
Nous devons done consid6rer qu'il entre en jeu deux alldlomorphes. 

Nous pensons pouvoir designer par: 

Tt le type de pelage aperea 

P le type k poil court {cobaya et aperea) 

p ,, „ ,, ,, long {cobaya oi aperea) 

Void le detail des operations relatives a la longueur du pelage: 

P. (J.P. aperea x $ 263 cobaya long - Fi: 


cJ hyb. 22, type cobaya court. 



court 

long 

Fi cJ.hyb. 22 cobaya court x ? 263 cobaya long 
proportion: 1 court: 2y\0 long 

10 . 

! 21 


court 

long 

F 2 (individus provenant de la Fi) 



404 cob. court X 320 cob. long. 

2 

12 

253 .. X 1002 „ .. 

18 

55 

654 X 654 .. 

5 

11 

1014 „ X 178. 

3 

7 


28 

85 


proportion 1 court: 3,04 
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On reconnait la dominance du poil long sur le poil court dans les 
proportions de 1 : 2 et 1:3, c’est-a-dire le renversement 
complet de nos connaissances les plus elemen- 
taires en ce qui concernc I’hdredite de la lon¬ 
gueur du pelage. 

Pour expliquer ces anomalies, nous pensons pouvoir faire appel, de 
meme que dans le cas de Talbinisme, a Tintervention d’une combinai- 
son letale qui se serait formec dans les unions T et P. II nous semble 
que cette combinaison pourrait comprendre les g^nes Tt provenant du 
type apcrea et les genes TP provenant du type cohaya, la combinaison 
TtPp devenant 16tale. Voyons si cette hypothese s^adapte aux r&ul- 
tats des operations concernant la longueur du pelage: 

Generation parentale 

o . P. aperea TTPP x $ cobaya long ttpp (263) c? • 22 TtPp, 

cob. court 

Fi proportion i court: 2.10 long 
J.hyb. 22TtPp x ? cobaya long (263) ttpp = 


1 TtPp type cobaya 

court 

1 Ttpp „ 

long 

1 ttPp „ aperea 

court 

1 ttpp „ 

long 


Scion notre hypothese, TtPp serait eiimine et il ne resterait plus 
en vie que 1 individu a pelage court pour 2 individus k pelage long. 
F 2 proportion i court: 3.04 long 
court TtPp x cobaya long = 

1 TTPp type cobaya court 

1 TTpp „ „ long 

2 Ttpp „ „ long 

2 TtPp „ „ court 

I ttPp „ aperea court 

I ttpp „ „ long 

Seraient elimines: 3 court (1 TTPp, 2 TtPp)~l long (TTpp) 
resteraient: 1 court (ttPp)-3 long (2 Ttpp, 1 ttpp). 

Notre hypothese semble done bien concorder avec les resultats ob- 
tenus. On realise que la letalite apportee dans les operations prece- 
dentes fasse disparaitre des genotypes courts k Tavantage des longs et 
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que, d'aiitre part, le type du pelage aperea apporte un nouveau ge¬ 
notype long. 

Dans les deux types de croisement (albinisme et pelage long) nous 
pouvons remarquer que c’est le cJ.hyb. 22, agouti court, qui a apporte 
les deux combinaisons letales. D ou les avait-il done revues? 

Elies ne se sont certainement pas tormees dans le patrimoine chro- 
mosomique de Vaperea, car aucun des autres hybrides Fj provenant de 
Tunion de ce male avec des femclles cobaya colordes C, n'a manifeste 
dans la descendance le moindre symptome de ItHalit^. 

D’autre part, il est extremement peu probable que ces combinaisons 
letales se soient formees chez la $.263 albinos long, qui provenait 
de nos elcvages de cobayes colorcs, a la suite d’une union Cc X cc. 

Des lors, nous sommes forces d’admettre que c’est Tunion d’unc 
paire TP apportee par Vaperea avee une paire tp apportee par la $.263 
albinos long, qui aiirait conditionn^ la combinaison letale TtPp, 
pour former le patrimoine chromosomique du ^^.hyb. 22. 

Les raisons qui nous portent a envisager Telimination des geno¬ 
types TTetTt se justifient par le fait que la $,cobaya albinos long 
263 (tp) est entree deux f o i s dans les combinaisons: une premiere 
fois dans son union avec le (J.aperea, et une seconde fois dans son 
croisement en retour avec son fils le cJ.hyb. 22. 

line nouveauie: Vaperea albinos 

A I'etat naturel, aucun Cobaye sauvage n’est albinos. 

Nous avons vu que le type de pelage agouti cobaya est dominant sur 
le type de pelage aperea, D’autre part, la coloration est dominante sur 
I'albinisme. Dans ces conditions, les operations ayant mis en presence 
les deux types de pelage, (I’lin des parents a letat hdterozygote) de- 
vaient Torcement faire ressortir le type aperea albinos: 
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Tableau 22. — Type cobaya colore TtCc x type cohaya albinos Ttcc 




j cobaya 

aperea 



1 colord 

albinos 

colord 1 

albinos 

J hyb. 22 cob. color. 1 






$ cob. albinos 263 J 


13 

1 

10 

4 

4 

F\ cJ cobaya colord 28 | 






$ cobaya albinos 29 J 


7 


2 

3 

Fi (J cobaya albinos 70 | 



10 



. - . 


11 

5 

5 

5 cobaya colore 812 J 


31 

27 

11 

12 

proportion. 

. . 


3 : 

1 

1 

calcule. 

• • 

2.70 : 

2.45 : 

1 : 

1 


Type aperea colore itCc x type cobaya colore TeCe 


1 

1 cobaya 

aperea 

i 

[ colord 

albinos 

colord 

albinos 

cJ.aperea colore 272 1 
$. cobaya colord 891 J 

12 

5 

17 

5 

proportion. 

3 ~: 

1 : 

3 : 

1 ~ 

calcule. 

2.40 : 

1 

3.4 : 

1 

1 


D'autres op«5rations, dont il cst superflu dc reproduire les chiffres. 
ont confirm^ I’apparition de la nouveaute aperea albinos dans diverses 
proportions, suivant les formules des parents. 

Les aperea albinos ainsi obtenus presentaient bien les caracteres 
de distributions du pelage qui differencient Tespece aperea de I’espece 
cobaya, quoique avec quelques variantes individuelles quant a la lon¬ 
gueur des poils. Uaperea albinos peut ^galement ressortir avec le 
pelage long. 

Nous devons encore signaler les operations exceptionnelles suivantes 
avec 4 couples de la descendance du cJ.hyb. 22: 


Geuetira XXV 


28 
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color^s 

albinos 

(J.298 cob. albinos x $.266 cob. colord .... 

1 

4 

(J.198 „ „ X ?.187 „ 

9 

13 

(?. 41 X $.807 .. 

0 

9 

(J.636 „ colord X $.142 „ albinos . . . 

0 

3 


Tous ces cobayes descendant du (J.hyb. 22, ces operations ont 
done particip^ de Taction du facteur letal en une certaine mesure 
Neanmoins la predominance de Talbinisme est k remarquer. 

Dans lour analyse des r^sultats de croisements entre le cobaye 
sauvage du P^rou, Cavia cutleri et le cobaye domestique Cavia co~ 
baya, Blaringhem et Provost citent un cas ou Talbinisme serait res- 
sorti comme dominant sur la coloration. II s*agissait de Tunion d’un 
m41e de cutleri (agouti) et d'une femelle cobay a albinos (croisement en 
retour) qui, k la premiere generation, avait eu 4 petits, tous albinos. 
Compares k ce que nous venons de voir, les resultats de ces auteurs 
prennent une importance significative, malfere la petitesse des chiffres. 

DILUTION et BLANCHIMENT DU PELAGE 1) 

Castle a defini le Cobaye sauvage comme etant un agouti a v^entre 
blanc ou creme et lui a donne la formule (w white, blanc). 
Pour ce qui est du pelage dorsal, qui est du type agouti, Castle in- 
dique qu'il est de couleur gris-fonce et que ce n*est que dans la des¬ 
cendance du croisement avec des Cobayes domestiques que Ton ob- 
.serve des variations de la robe agouti allant du gris au brun, au cho- 
colat, etc. D’apr^s cet auteur, le poil agouti sauvage possede une 
pointe terminale noire, suivie d’une bague de couleur fcrun ou jaune 
puis, de nouveau, le poil est noir diminuant d'intensit^ jusqu a la base 
qui est luisante ou moins*sombre. D'apres cette description, il appert 
que le pelage des Cobayes sauvages examinfe par Castle n*est pas dilu<§. 

Le <J.P. aperea, ainsi que Tautre m&le et la femelle que nous possd- 
d&mes, ^tait, comme d^j^ dit, un agouti dilui au ventre aussi bien 
qu'au dos; il 4tait done un ii, tandis que les femelles de Cobaya qui 
lui furent destinies n'dtaient dilutes ni au dos ni au ventre. Le croise¬ 
ment aperea X cobaya mettait done en presence deux all^lomorphes 


») A. Pictet (8) 
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nettement diff&enci^s par leur caract^re d'intensit^ de pigmentation^ 
soit: 

cJ. P. aperea dilu6 ii x $?. Cohay a II 
Les hybrides qui provinrent de cette union (li) ne pr^sentaient aucun 
symptdme apparent de dilution du pelage. 

Les generations de segregation firent ressortir une grande diversi- 
te de nuances de coloration, que nous avons analysees (v. p. 421) soit 
au dos soit au ventre, et dont le classement devenait assez complique, 
car I’essentiel de cette classification etait de determiner oil commen- 
9 ait la dilution et ou finissait la non-dilution; si, en considerant les 
extremes, aucun doute ne subsistait, les indecisions pouvaient se faire 
sentir dans les tons intermediaires. 

Cependant, un examen approfondi devait nous apprendre que ces 
diverses nuances provenaient de deux series de coloration. Tune deri- 
vant du noir, Tautre du brun ou du feu. Sur cette base, il nous fut 
possible d'etablir la succession suivante des nuances: 

Nuances de coloration des descendants agouti de la F 2 et generations 
suivantes, dans le croisement aperea x cobaya 

(Pour ce qui cst des non-agouti, les conditions dilue et non-dilue s'obser- 
vent sans incertitude) 


dos 

non-dilution 

ventre 

non-dilution 

1. agouti noir terre d'ombre 

havane fonce 

2. agouti chocolat 

havane clair 

3. agouti marron 

terre cuite 

4. agouti brun acajou 

jaune 

5. agouti havane' clair 

• 

dilution 

dilution 

6. agouti gris rose 

gris metallique 

7. agouti gris acier 

gris pierre 

8. agouti ocre jaune 

gris perle 

9. 

ivoire 

10. 

1 erfeme 
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En se basant sur la difference de teinte suivant que le pigment 
derive dii brun ou du noir, on pent dtHcrmincr avec une approximation 
suffisante si le pelage est dilue ou ne Vest pas. 

Heredite de la dilution 

La coloration du dos de lliybride Fj appartenait an no. 5, cellc du 
ventre an no. 4-5. Ventre et do.s n ctaient par consequent pas dilues 
comme Tetaient Ic ventre et le dos du (J.P. apeitea. Nous avons la un 
nouvel exemple de la dominance de la condition non-diluee (cohaya) 
sur la condition dilute (apcrea). 

On connait fort mal les ph^nom^nes de dilution du pelage dans la 
descendance de croisements intersj)^cifiques de Cobayes. Detlefsen, 
dans ses croisements entre rufescens et cohaya, a simplement ^tabli que 
la dilution est recessive ; nulle part nous n'avons trouv^ qu'il eut con¬ 
state dans la descendance une dissociation des facteurs de dilution, ainsi 
que ce fut le cas dans la descendance de nos croisements aperea x co- 
hay a. Nulle part, non-plus, nous n*avons trouve qu'il fut fait mention 
d’une repartition bilaterale dorso-ventrale des deux types de pigmen¬ 
tation, comme cela sVst rencontre dans nos croisements. 

Cependant nous avons mis en Evidence bien des exemples en faveur 
d'une m^tam^risation des facteurs de dilution (Pictet 8 et 11). 

J.’action locale d’un gene n’est d’ailleurs pas un fait nouveau. 
Kromng (4) et Haecker (3) I’ont signalce en ce qui concerne la 
m6tam6risation de la pigmentation chez Ips Veaux, les Chevres et les 
Pores. Nous-memes avons d^montr^ qu'une metamerisation symetri- 
que des aires colorees se rencontre egalement chez le Cobaye domesti- 
que et que, sous ce rapport, I’animal se divise en un certain nombre de 
zones de coloration independantes les unes des autres Qt qui sont cn 
relation avec la structure osseuse. Nous avons pu determiner qu’il 
cxiste deux categories de territoires de pigmentation, les centres 
lincaires etles centres en surface, ces derniers etant 
adjacents aux premiers (voir le chapitre: correlations dorso- 
ventrales). 

En ce qui concerne le complexe dilution/non-dilution, nous en- 
registrons un cas de meme nature de localisations inde¬ 
pendantes dela paire I-i. On ne constate pas cette localisation 
chez le parent aperea (dilution dorso-ventrale gene¬ 
ra 1 i s e e), ni chez I'espece cohaya (n o n-d ilution genera- 
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lis^e). Ce n*est que par le jeu de la dissociation des gfenes que 
s*opere, dans la descendance, par Tinterm^diaire de Thybride Fi 
(non-dilution g^ndralis^e) cette localisation en territoires in- 
d^pendants: dorsal et ventral. 

Ce qui s'est d'emblee fait remarquer des les premieres naissances de 
la F 2 et dans les generations suivantes, c*est que la segregation faisait 
nettement ressortir 4 classes bien distinctes: 


Dos dilu^ i dos non-diluo 

ventre non-dilue i ventre dilu<5 


j dos non-ddu^ j dos dilu(5 
j ventre non-dilue ■ ventre dilue 


mettant en relief les combinaisons que le complexe dos-ventre a^'ait 
realisees dans la descendance. 

La formation de ces 4 classes montre que le gene de dilution du 
parent aperea pent se combiner dans Thybride Fi avec le gene de non¬ 
dilution apporte par le parent cohay a, mais que la dissociation de la 
paire 1-i sc fait de telle fa^on qu*e lie repartit ses effets 
separement an dos et au ventre. Voici les chiffres ob- 
tenus: 


Tableau 23. —La ligne superieure se rapporte an dos, Vinferieure au 

ventre 



I 

I 

i 

i 



I 

i 

I 

i 


! 

P. . aperea ii x . cobaya II. . 

23 


— 

— 

calculc 

Fi. F'l non-dilu6 Ii x ncm-dilue Ii . 

92 

"36~ 

yr 

11 

9 : 3 : 3 ; I 

F 2 . h6t6ro-homo 




i 


Ii non-dilu^ X ii dilue .... 

. 

56 

58 

52 

51 

1 : 1 : 1 : 1 

F 2 . ii dilu^ X ii dilu6. 

__ 

— 


13^ 

100°„ ii 


11 semble qu*on pourrait d^duirc de ces chiffres que la transmis¬ 
sion h6r^ditaire du complexe dilution/non-dilution serait conditionnee 
par une double paire, Tune r^gissant la distribution du g^ne au dos, 
Tautre la distribuant au ventre. Toutefois Tinterpr^tation d*une dou¬ 
ble paire de g^nes ne se rallie pas a la notion: qu*en opposition k la 
non-dilution ne se trouverait qu'un seul all^lomorphe, la dilution. Le 
fait que la paire I-i alteme ses effets sur deux parties du corps pour 
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former 4 classes, est semblable k la repartition des nuances dorso-ven- 
trale (v. p. 435). 

On peut expliquer les processus d'action d’une seule paire de g^nes 
pour former une dissociation en 4 classes comme etant en liaison avec 
la morphologie bilat^rale du corps, de la fa 9 on suivante: 


Tableau 24. 


P. aperea ii II li 

— X cobaya = liybride — 
ii II ^ Ii 


Fj Ii 
Ti 


Ii II 

X — =1-: 2 

Ii II 


Ii ii 

: 1 -- 
li ii 


permettant les combinaisons dorso-ventrales suivantes: 

Dos 



soit, cn detail: 


dos non-dilue 

II 

— Ii - 

- II — 

Ii 

ventre non-dilud 

if 

Ii 

iT 

II 


dos non-dilue 

II 

Ii 

ventre dilue 

ii 

ii 

dos dilue 

ii — 

ii 

ventre non-dilue 

"if 

If 

dos dilue 

ii 


ventre dilue 

ii 



L*interdependance des territoires dorsal et ventral se demontre 
ainsi parfaitement: La paire I-i agit sur la pigmentation de chacune 
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des faces en monohrybride; cependant, la reunion des deux faces sur 
le m6me Cobaye motive la repartition en 4 classes selon les rapports 
12 : 4 pour chaque classe. 

C'est, comme on le voit, le meme syst^me de metamerisation qui a 
regi la distribution dorso-ventrale des diverses nuances de coloration. 
On comprend comment Taction d'une seule paire (I-i) obeit a u n 
systeme dirige par Torganisation de la mor¬ 
phologic dors o-v entrale du corps, et comment deux 
equations independantes en 3 : 1 peuvent repartir leurs chiffres en 
une equation en 9 : 3 : 3 : 1. 

Le hlanchiment du pelage : le Cobaye argente 

Nous etudierons (p. 442) Theredite de certains cas de blanchiment 
partiel du poil qui, pigmente dans sa region distale est completement 
decolore a sa base; cclle-ci apparait comme etant tout-a-fait blanche, 
voire incolore. 

Dans nos lignees du Cobaye domestique, il est arrive que des groupes 
de poils rcpartis sur un meme emplacement du corps participaient 
d’une decoloration plus ou moins complete; leur ensemble formait 
ainsi une tache blanche, plus ou moins etendue en surface, au centre 
de regions pigmentees. Lorsque cette particularite etait plus ou moins 
generalisee. le Cobaj^e qui la possedait devenait le Cobaye argente. 
T/argenture, dans les cas les plus pousses, pouvait couvrir de larges 
portions du pelage et meme devenir generale cc qui formait un animal 
remarquable. Dans les cas les plus extremes, le ventre devenait com¬ 
pletement blanc, le dos presque completement. Nous en avons pra¬ 
tique une etude g^netique approfondie i). 

Le blanchiment dorso-ventral du pelage est conditionne par Tinter- 
vention de deux paires independantes de g^nes. L’action de Tune d’elles 
est ddvolue au territoire ventral; elle conditionne le Cobaye d ventre 
blanc, dont le caractere est dominant sur la coloration normale du 
ventre. Cette paire est differente de celle identifiee par Castle pour 
conditionner la couleur p&le du ventre des Cobayes sauvages. 

L’action de Tautre paire se porte uniquement k la face dorsale, 
pour cr^er la mutation Cobaye argente, Targenture etant recessive par 
rapport k la coloration normale du dos. L'union entre Cobayes k ventre 


0 Pictet a. (8). 



440 


ARNOLD PICTET ET MLLE A. FERRERO 


blanc et Cobayes porteurs d’argenture dorsale cree une n o ii- 
V e a u t ^ possedant a la fois les deux caracteristiques, dorsale et ven- 
trale. Dans la descendance, les deux paires de genes peuvent de nou¬ 
veau se dissocier pour reconstituer les deux genotypes dans leur forme 
individuelle. 

Une de ces mutations argentfe est surgie inopincment dans la des¬ 
cendance du croisement aperea x cobaya: 

Un m41e cobaya normal (non-argente) no. 625, control^ pour ne pas 
porter le gene pour I’argenture, fut uni a une femellc de la descendance 
du croisement x no. 713, egalement contr616e comme ne 

portant pas le gene pour Targenture. Cette union n'aurait du produirc 
que des normaux; elle produisit 12 normaux: 19 argentes. 

Chez I’espece domestique, I’argenture apparait des la naissance et 
persiste durant toute la vie, tandisqu elle disparait avec la croissance 
dans la descendance du croisement aperea x cobaya. A la tete, e’est 
principalement autour des yeux que s etait concentree rargenture. 
Celle-ci ne persista cependant pas au-dela d’un mois a six semaines; 
sa disparition graduelle a ct6 constatcc dans chaque cas. La non- 
persi.stance de Taction du facteur est sans doute le resultat d'un dyna- 
misme vital apporte par Vaperea. La mutation, malgr6 cela, se montra 
Ii6r6ditaire en monohybride, recessive sur la condition normale non- 
argent^e. 

Une mutation: le Cobaye albinos type,,Himalaya” 

Dans la descendance du croisement aperea x cobaya est surgie 
inopinement ime nouvelle mutation, celle d'albinos absolument com¬ 
parables au Lapin dit ,,Himalaya''. De meme que chez le Lapin, ces 
animaux portent au museau, aux oreilles et aux pattes, du pigment de 
coloration gris sale, estompe de brun, donnant Tillusion d'une substan¬ 
ce carbonis6e. Les yeux peuvent etre de coloration rose, plus foncee 
que chez les albinos habituels. Cette mutation est connue chez le Co* 
baye domestique; nous en avons eu de nombreux cxemplaires (Pic¬ 
tet 8). 

Le premier individu sorti de nos elevages 6tait une femelle ayant 
eu pour parents un mile Fi du croisement aperea x cobaya et une te- 
melle de nos lign6es de Cobayes domestiques non-apparenttes au 
croisement. Le pire 6tait agouti uniforme et repondait par consequent 
i la formule pU, tandis que la m^re, panachte noir-feu-blanc, r^- 
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pondait k la formule PU. La descendance de cc couple fut repr^sent^e 
par des cobayes albinos normaiix et des cobayes du type ^Himalaya”, 
en proportions diverses, dont une etude a et6 faite dans notre publi¬ 
cation: Recherches sur Vheredite de la dilution et du blanchiment du 
pelage dans le genre Cavia (cf. 8). Cette mutation se faisait remarquer 
par une grande amplitude de variation des surfaces pigmentees, et 
par leur disposition, le plus souvent, asym6trique. 

La coloration des cxtrcmites et des oreilles 
n'observe pas forc^ment une disposition symetrique, car il arrive fre- 
quemment qu’une oreillc restc rose et que trois, deux ou une patte, 
sur Ics quatre, soient seules pourvues de pigment. Les ongles restent 
souvent roses a une partie pigmentee et il n’est pas rare de rencontrer 
des sujets dont Tune ou les deux oreilles, dont Tune ou I’aiitre des 4 
])attes, nc possedent qu’un ou deux centres de pigmentation. Un autre 
caractere asymetrique de coloration des membres est celui que nous 
avons appele ,,bracelet". Il consiste en un ruban pigmente qui entoure 
la base d’line patte rose ou d’un ruban rose entourant une patte brunc. 

Nous avons pousse tres a fond I'^tude genetique des differentes 
regions du corps atteintes par le caractere Himalaya dans notre ou- 
vrage prc^^cite. Nous y renv^oyons le lecteur tjui pourrait s’y interesser. 

Repartition du pigment dans Vinterieur du poil 

La repartition du pigment dans I'interieur du poil chez le Cobaye 
domestique donne lieu a de nombreuses variations. Le pigment est 
rarement distribue de fac^on uniforme. 11 peut se presenter des cas 
ou sa repartition divise le poil en deux aires bien distinctes, I'aire 
basilaire 6tant d'une nuance differente de celle de Text remite distale. 

Nous avons etudic la repartition bipartite du pigment 
dans la descendance du croisement aperea x cohay a. Cette distribu¬ 
tion se manifeste de deux famous bien distinctes: 1. par la dilution 
de la zone basilaire, 2. par la depigmentation de cette zone. 

Dans le premier cas, la dilution basilaire provient du facteur de di¬ 
lution apport6 par le cJ.P. aperea, Dans le second cas, la depigmenta¬ 
tion basilaire est attribuable a Taction d’autres facteurs en majorite 
physiologiques. Dans le poil dilu6, la pigmentation quoiqu'att^nuee, 
reste toujours pr&ente sur une petite portion de la base, tandis qu'elle 
fait compl^tement d^faut lorsqu'il s’agit d'un poil d6pigmente, chez 
lequel la portion basilaire apparait comme 6tant transparente. 
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('hez le Cobaye domestique de la vari^t^ agouti, le pigment noir 
s etend toujours jusqu'i la base. II peut ^tre plus ou moins dilu6, mais 
sa presence apparait toujours. Dans les variet^s non-agouti, le poil, 
noir ou feu, se montre le plus souvent pigments jusqu*4 la base. 

Chez Tesp^ce aperea, du moins d'apr^s I’observation des tfois sujets 
que nous avons poss^d^s, le poil 4tait plus long que chez cohaya sans 
etre cependant ce que Ton peut appeler un ,,pelage long*'. N^anmoins 
Tallongcment du poil permit sa division pigmentaire tripartite: 

1. Textrdmit^ distale contenant la bague terminale forme autour de 
celle-ci une aire plus pigmentee. 

2. une aire mediane nettement dilute. 

3. unc aire basilaire nettement transparente ou a peine color<5e. 

Le poil agouti des hybrides Fi est bipartite: la segregation fait 

ressortir une grande variete de types. 

Ainsi Vaperea a apporte dans le croisement aperea + cobay a, la divi¬ 
sion pigmentaire tripartite, le facteur de dilution et le facteur de de¬ 
pigmentation basilaire, en op}X)sition a un ou plusieurs facteurs ap- 
portes par cohaya, conditionnant la division bipartite et la coloration 
basilaire du poil. 

La generation F| est ressortie avec loo^^o d*agouti d base pigmentee, 
En F 2 et dans les generations de segregation, la dissociation des fac¬ 
teurs en jeu a produit diverses combinaisons de distribution du pig¬ 
ment dans les poils que nous pouvons classer comme suit: 

Repartition du pigment dans le poil des individus de la segregation 
division bipartite: agouti base pigmentee 

agouti base depigmentee 
non-agouti base pigmentee 
non-agouti base depigmentee * 
poils noirs base non-pigment ee 
poils noirs base diluee 
poils noirs teintes de feu diffus 
poils noirs sans melange 

division tripartite: memes variantes du poil agouti 
division monopartite: des poils noirs. 

La multiplicite des variantes de distribution pigmentaire dans le 
pelage des individus de la segregation rend une analyse genetique 
pratiquement impossible. D'autant plus que plusieurs de ces va- 
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riantes n'ont pas ite r^alis^es a Fa. mais seulement dans Tune ou 
I’autre des generations qui ont suivi. II faut y voir le fait que le 
nombre des chiffres produits par la Fa (194) n'etait pas assez eievd 
pour que la totalite des variantes ait pu s'exprimer. Neanmoins on 
doit les considerer comme etant toutes le produit de la dissociation 
des facteurs en jeu, puisqu’elles sont toutes issues du croisement 
aperea x cobay a. 

Structure du poil 

II existe une difference tres appreciable au toucher cntre la 
nature du pelage de Yaperea et celle du pelage du cobaya. Le pelage de 
Yaperea est rude, raide, reche, tandis que cclui du cobaya est doux, 
souplc, soyeux. Cette difference sc remarque tres bien lorsqii’on passe 
la main a rebroiissc-poil sur le dos de I’animal. 

L'examen microscopique montre que cette difference ne scmble pas 
resider dans une question d’epaisseur, mais dans la forme du poil; 
en effet, le poil de Yaperea est cylindrique, celui du cobaya est un peu 
aplati. La difference de structure entre les deux types de poils cor¬ 
respond a la nature h e r i s s 6 e de la robe aperea et lisse de celle du 
cobaya, Dans le croisement aperea x cobaya, le pelage aperea fcrme- 
herisse s’est place en opposition au pelage cobaya souple-lisse et a 
donne lieu a une dissociation dihybride de ces deux couples de ca- 
racteres: 

F. aperea: condition ferme du poil 

f cobaya: condition souple ,, „ 

H cobaya : condition lisse „ „ 

h aperea: condition h^risste „ „ 

Tous les hybrides de premiere generation avaient le peal ferme et 
lisse. D6s la F 2 on pouvait enregistrer des individus: 

FHferme-lisse: condition hybride 

fH souple-lisse: ,, cobaya 

Fh ferme-heriss6: ,, aperea 

fh souple-h4risse: „ acquise nouvelle 

chacune de ces conditions se r^partissant dans les 4 classes de struc¬ 
ture morphologique. 
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CHAPiTRE quatri£:me 

CROISSANCE ET DEGRfiS DE FERTILITY 

Nous devons rappeler que la seulc femelle d'aperea qui nous soit 
parvenue s’etant echappee avant sa mise-bas, nous manquons de base 
pour determiner Ics potentiels naturels de croissance de cette espece. 
Cependant, nous pensons pouvoir y supplier en une certaine mesure en 
tenant compte des poids realises par 24 siijets segreg^s de la classe 
aperea piiisqiie, vu le caractere de complete recessivite de ce genotype, 
celui-ci pent etre considcre comme represent ant les potcntialites 
moyennes de croissance de Tespece aperea. 

Pour apprecier a leur valeur reelle les modes de croissan- 
c e, nous prendrons pour base les poids moyens realises a la naissance, 
comme point de depart pour le calcul dcla rapidite de crois¬ 
sance. On determinera celle-ci par revaluation des fxrids adultes 
a diff^rents ages. 

Poids d la naissance 

Les petits nes de nos croisements ont ete r(5gulierement pesos le jour 
ou le lendemain de leur naissance. Les moyennes ont 6 t6 calculees par 
portees et par couples. Dans la suite, le poids a 6te de nouveau pris a 
intervalles plus ou moins espaces. On trouvera au tableau 25 les moyen¬ 
nes des poids a la naissance chez les parents et les descendants directs, 
ainsi que dans quatre generations de croisements en retour. 

Comme nous Tavons dit, les femelles du Cobaye domestique que 
nous avons unies au ,^.P. aperea provenaient d'un materiel que nous 
elevions depuis 1916. Lours poids moyens peuvent done etre consi- 
d^r6s comme repr^sentant le potentiel de croissance irrtroduit par 
cohay a dans le croisement. La moyenne calculee sur 267 Cobayes do- 
mestiques ressort a 82 grammes (le poids le plus faible 45 gr., le plus 
eleve 120 gr). 

Pour ce qui est du parent aperea, le poids moyen des 24 sujets des 
generations de segregation oscille entre 55 et 80 grammes, faisant res- 
sortir une moyenne de 65 grammes. 

Nous voyons ainsi que les antagoni.stes en presence ont mis en oppo¬ 
sition les potcntialites constitutives d’un poids moyen k la naissance de 
82 gr contr 65 gr. De cette combinaison est resultee la formation 
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Tableau 25. — Moyennes du Poids d la naissance 


! N 

j 



N 

gr. 

cobayaesp^cc .... 

267 

81 

hyb. Fi X $$ cobaya 

62 

88 

c. aperea segreg. . . . 

24 

65 

hyb. X cobaya a F 2 . 

7 

87 

aperea x $$ cobaya 

16 

114 

hyb. X cobaya a F-^ . 

35 

87 

F, X F,. 

83 

82 

(hyb. X cob.) x C. . 

8 

95 

hybrides en F 3 . . . . 

24 

84 

(hyb. X cob.) x (' x C 

10 

90 

„ on F 4 . . . . 

12 

75 




enFs . . . . 

13 

72 


I 


en F. . . . . 

6 

70 


1 1 

1 


Tableai' 26 . — Poidsi d la naissance — modes de frequence 



C'C 

X (C 

hyb. El X 
hyb. F, 

hyb. en F 2 X 
hyb. en E '2 

hyb. cn Fn y 
hyb. cn E'n 

N 

217 

62 

74 

106 

gr- 

r<:'al. 


rt^al. 

j 0 

1 « 1 

1 rt^al. 

1 0 

I 

1 real. 

1 

! - 0 

40 





1 

1.35 

1 

0.94 

45 

2 

0.92 



1 

1.35 

1 

0.94 

50 

5 

2.30 

1 

1.61 

2 

2.70 

5 

4.70 

55 

9 

4.15 

1 

1.61 

2 

2.70 

4 

3.76 

60 

12 

5.52 

2 

3.22 

3 

4.05 

5 

4.70 

65 

14 

6.46 

5 

8.07 

7 

9.46 

10 

9.43 

70 

18 

8.30 

5 

8.07 

8 

10.81 

12 

11.28 

75 

22 

10.10 

4 

6.45 

12 

16.21 

18 

16.92 

80 

27 

12.14 

8 

12.90 

6 

8.10 

9 

8.48 

85 

32 

14.74 

7 

11.30 

10 

13.52 

11 

10.35 

90 

21 

9.67 

10 

16.14 

6 

8.10 

8 

7.54 

95 

15 

6.90 

8 

12.90 

6 

8.10 

7 

6.60 

100 

13 

5.99 

4 

6.45 

4 

5.40 

8 

7.54 

105 

10 

4.60 

2 

3.22 

2 

2.70 

2 

1.38 

no 

8 

3.68 

2 

3.22 



1 

0.94 

115 

4 

1.84 

1 

1.61 


1 

1 

0.94 

120 

3 

1.38 





1 

0.94 

125 

1 

0.46 

1 

1.61 



1 

0.94 

130 

1 

0.46 

1 

1.61 
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d'hybrides Fi d*un poids moyen de 115 gr. (80 4 160), ce qui constitue 
un phdnomene remarquable de luxuriance. 

Tableau 27. — Poids d la naissance — modes de frequence des individus 

de la Fi 


gr- 

Cs 

CS 

cS 

cs 

40 



1.02 

2.2 

45 

1.5 


1.02 

4 

50 

1 

2.2 

2.05 

8 

55 

1 

4.4 

4.10 

16 

60 

3 

5.5 

5.1 

8 

65 

3.5 

7 

7.2 

5.2 

70 

4.5 

7.5 

14.90 

16 

75 

6 

8.7 

4.07 

4 

80 

8 

9 

7.09 

2.2 

85 

10 

15.50 

13.3 

2.2 

90 

16 

9.5 

7.2 


95 

9.5 

5 

2.— 


100 

6 

2 

l.~ 


105 

4 

1 



110 

2 

0.50 



115 

1 




120 

0.50 




125 

0.25 




130 

0.25 





En additionnant le poids moyen de 82 gr. de Tesp^ce cohaya et 
celui de 65 gr. de Tespece aperea, soit 147 gr., nous voyons que dans 
un cas, le poids hybride a depass6 la somme des 
deux parents et qu’il s'en est passablement rapproch6 dans les 
autres cas, sauf un. 

line certaine variation dans le poids des hybrides k la naissance 
se manifeste, non seulement dun couple a Tautre, mais aussi d'une 
port6e k I’autre d*un m^me couple. Nous relevons, par exemple, une 
port6e de 4 petits de 60, 80, 110 et 160 gr. On se rend ainsi compte 
que, chez une m^me m^re, la croissance embryonnaire participe de 
potentialit6s h6r6ditaires diverses. 
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Les chiffres exposes au tableau 25 appellant plusieurs conclusions 
int^ressantes. 

La luxuriance des hybrides, manifest^e par le poids a la naissance, 
ne se maintient pas dans la descendance. D6s la gen6ration qui suit, le 


Tableau 28. — Poids moyen des hybrides F\ ala naissance 


^ . P. aperea sur: 

nombre de 
petits 

poids 

minimum 

poids 

maximum 

moyenne 

$. cohay a 168 

2 

100 

130 

115 

263 

2 

80 

115 

97.50 

678 

6 

85 

120 

102.50 

834 

4 

160 

— 

160 

870 

3 

100 

110 

105 

574 

CN ' 

1 

1 

115 

— 

115 

~Tf5.83gr 


poids moyen tombe a 82 gr. et a 84 gr. lors de la troisieme generation, 
pour diminuer graduellement de g^n^ration en generation (75, 72, 70). 
Cela d^montre une usure progressive du potentiel 
d e f e r t i 1 i t c. Ces chiffres sont des moyennes et doivent etre con- 
sideres comme tels; mais si Ton envisage les poids minima, on se ren- 
dra compte que la diminution du pouvoir de procreation atteint de 
grandes proportions avec le nombre des gi^ndrations: par exemple, 
en Fe et F?, des poids de 30 et 40 gr. sont frequemment realises. Cette 
usure se manifeste en outre par une notable augmentation des taii.x 
de morti-natalite et d’avortements (v. p. 478). 

Par contre, le rel^vement des moyennes dc poids a la 
naissance se manifeste hautement dans les croisements en retour, sous 
I’effet de I’apport des facteurs de croissance par les femelles de cohay a 
qui ont &t6 introduites successivement dans la combinaison, a chaque 
g^n^ration. De cette fa 9 on, le poids pent atteindre 95 gr., contre 82 gr. 
qui est le poids moyen acquis par les hybrides Fi. Ce sont les genes 
dominants du cobaya, CS, qui en sont les facteurs agissants. 

L*examen des courbes de croissance calcultes par classes de segre¬ 
gation (fig. 15) fait bien ressortir ces processus d'usure et de releve- 
ment des potentials de croissance. 

Dans ses croisements entre Cavia rufescens et C. cobaya, Detlefsen 
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grammes 



Fig. 15. Poids moyens k la naissance dans la descendance d’lin croisement: 
C. aperea x C. cohay a. 


constate ^galement Ic memc relcvement des poids a la naissance par 
rintroduction des potentiels cohaya dans la combinaison. 

Ainsi que nous I’avons dit, seules les femelles hybrides du croise¬ 
ment avec rufescens etaient fertiles en sorte que la combinaison 
Fi X Fi ayant irrealisable, cet auteur n’a pu continuer la descen¬ 
dance que par des croisements en retour de ?? hybrides imies a des 
cJc? de cobaya, Ses notations de poids ont ^e faites 10 jours apres la 
naissance; les hybrides atteignent a cette date 170 gr., Fi x cobay a = 
111 gr., (Fi X cobay a) x cobay a = 141 gr., cc qui temoigne du rel^ve- 
ment de la production sous I'effet des cobaya. 

D'autre part, les chiffres publics par Detlefsen font rcssortir la 
luxuriance des hybrides rufescens au m^me taux que dans Ic croisement 
avec aperea. 


aperea x cobaya (k la naissance) 

rufescens x cobaya {k 10 jours) 

cobaya . 

aperea ....... 

hybride. 

911 

65/ 

156 

114 

cobaya . 

rufescens .... 
hybride. 

1501 
89 j 

239 

160 

rapport. 


1.36~ 

rapport. 


1.40 
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II est interessant, en outre, de constater que deux especes aussi dif- 
f^rentes et g^ographiqucment 41oign^es que le sont aperea et rufescens, 
une fois crois^es avec un meme antagoniste (cohaya) produisent une 
descendance qui, k part la st6rilit6 des m41es hybrides dans le cas de 
rufescens, se fait remarquer par certains caracteres de ressemblance 
sous le rapport des degres de fertility. 

Poids d la naissance en fonction des caracteres de structure morphologiquc 
Nous devons revenir sur le fait, d^ja signale, que les poids k la 
naissance dans les generations de segregation sont extremement va¬ 
riables. Considerons, par exemple. Tune des portees provenant du 
croisement de Vaperea avec la ^.cohaya 678; cette portee avait donne 
4 petits: 

1 de 40 gr. qui, une fois adulte, s est montre etre du type aperea cs 

1 ,, 60 ,, ,, „ ,, ,, „ ,, ,, ,, ,, nouveaute cS 

1 85 „ ,, „ ,, „ .. „ .. „ cobaya CS 

1 105 „ „ ,, „ „ „ „ ,, „ hybride Cs 


D'ailleurs le tableau 26 et les courbes de frequence (fig. 16) donnent 
egalement Tillustration d*une disjonction des facteurs de fertilite en 
conformite de la disjonction des caracteres de structure morphologi- 



Fig. 16. Moyennes de poids 4 la naissance (frequences par classes de segregation) 

O-O-O classe hybr. Cs ---classe nouveaute cS 

-X-X classe cob, CS * -- — • classe aperea cs 


que. II y a done une relation ^vidente entre le poids 
acquis k la naissance et la reconstitution des 
4 classes de structure morphologique. 


Genetics XXV 


29 
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Tableau 29. — Rapidite de croissance 
Nombre de jours pour atteindre 400 gr. — modes de frequence 



Cobaya 

Cs 

CS 

cS 

cs 


cspirce 

N 

en F2 

o/ 

/n 

en F„ 

O/ 

'Q 

en F2 

«/ 

u 

en Fn 

0/ 

/O 

en F2 

0/ 

/o 

en K„ 

C)/ 

/o 

en F2 

0/ 

/o 

en F„ 

% 


96 

62 

113 

32 

1 

1 

40 

39 

32 ! 

1 

34 

jours 

35 

2.2 

1.6 

1 







40 

4.4 

1.6 

1 

— 

— 

— 

— 

— 

— 

45 

4.4 

4.8 

2 

— 

1.2 

— 

— 

-- 

— 

50 

5.5 

6.4 

5 

2.4 

2.4 

-- 

— 

— 

— 

55 

5.5 

8 

7 

3.2 

4.8 

— 

— 

— 

— 

60 

8.8 

9.6 

' 10 

6.4 

7.2 

— 

2.6 

— 

— 

65 

12.1 

22.4 

22 

9.6 

9.6 

— 

2.6 


-- 

70 

19.8 

7.4 

3 

18.8 

19.2 

- 

5.2 

— 

— 

75 

8.8 

4.8 

8 

9.6 

9.6 

2.5 

7.8 

1.4 

— 

80 

7.7 

20.8 

15 

14.6 

15.5 

2.5 

5.2 

3.1 

— 

85 

6.6 

7.4 

6 

10.1 

9.6 

5 

5.2 

3.1 


90 

5.5 

4.8 

4 

9.6 

7.2 

22 

18 

6.2 

3 

95 

3.3 

3.2 

5 

6.4 

6.4 

7.5 

2.6 

15.5 

6 

100 

2.2 

1.6 

3 

3.2 

3.2 

7.5 

7.8 

6.2 

6 

105 

1.1 

1.6 

3 

2.4 

2.4 

17.5 

20.4 

9.3 

— 

110 

1.1 

— 

2 

1.2 

1.2 

,10.5 

7.8 

18.6 

15 

115 

— 


1 

1.2 

— 

7 

5.2 

9.3 

9 

120 

-- 

— 

1 

— 


5 

2.6 

6.2 

6 

125 


— 

1 

_ _ 


2.5 

2.6 

6.2 

21 

130 

— 

— 

1 

- 

— 

2.5 

2.6 

. 3.1 

9 

135 


— 


— 

— 

2.5 

1.4 

2.7 

6 

140 

— 


— 

— 

— 

1.2 

1.4 

1.4 

3 

145 

— 


— 

— 


— 


1.4 

— 

150 

— 

— 



- - 

— 

— 

— 

— 

155 

— 

— 

-- 

— ' 

— 

— 

— 

— 

3 

160 

— 

— 

— 

— 

— 

— 

— 

— 

— 

165 

.— 

— 

— 

— 1 

.— 

— 

— 

— 

— 

170 

— 

— 

— 

— 

— 

— 

— 

— 

1.5 

175 

— 

— 


— 

— 

— 

— 

— 

— 

180 

— 

— 


— 

— 

— 

— 

— 

— 

185 

— 

— 

— 

— 

— 

— : 

— 

— 

1.5 

190 

— 

— 

— 

— 

— 

— 

— 

— 

1.5 
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En outre, nous remarquerons que les poids k la naissance se tra- 
duisent par la formation d’une courbe monomodale dans les 
classes Cs et CS et b i m o d a 1 e dans les classes cS et cs. II n'est 
done pas douteux quo les g^nes conditionnant la structure morphologi- 
que aient une action sur la croissance embryonnaire. C'est pourquoi 
il convient de calculer les capacites de croissance dans les generations 
ou les facteurs conditionnant ces capacites se sont dissocies, e'est-a- 
dire dans les generations a partir de F 2 . 

RAPIDITE DE CROISSANCE 

La croissance des organismes comme on le sait, est sous la depen- 
dance de divers facteurs, dont I’un des plus agissants rdside dans les 
jK)Uvoirs Idguds par les parents. C*est le factcur gendtique 
de croissance, auquel s’ajoutcnt des facteurs biologiques, 
capacitds hormoniques, glandulaires, etc., facteurs dont I’activite est 
soumise aux diverses interferences produites par Tdlevage en captivite. 
Parmi celles-ci, la question alimentaire joue un r61e important. 

Les calculs ayant pour but de determiner la rapidite de croissance 
son! grandement facilites par le fait qu’ils s'adressent a un materiel 
dont les caracteres morphologiqucs sont bien diffdrencids. 

Croissance aduUe 

Deux mdthodes nous ont conduits a une analyse precise des facteurs 
(jiii determinent la croissance adiilte: 1. Calcul du nombre de jours ne- 
cessaires pour atteindre le poids de 400 gr. — 2. Determination du 
j)oids moyen acquis de mois en mois durant une annde. 

Le cJ. P. aperea, ancetre de la lignde, dtait age et malade lorsque nous 
I'avons recall, avec un poids de 585 gr.; six mois apres, k Tepoque de sa 
mort, il pesait 620 gr. L’autre (^.aperea, dont nous ne pumes obtenir 
une descendance, pe.sait 380 gr. a son arrivee et en atteignait 720, 5 
mois apres, (^poque de sa mort, soit une augmentation de 340 gr., 
montrant une croissance mensuelle de 68 gr. environ. 

La croissance des hybrides Fi fut extremement rapide comparcc k 
celle des cobaya en inbreeding. D’unc moyenne de 115 gr. a la naissance, 
les 15 hybrides que nous avons obtenus adultcs atteignaient, au bout 
de 12 mois, un poids moyen de 1450 gr. soit, approximativement, une 
croissance de 120-130 gr. par mois, tandis que les cobaya en inbree¬ 
ding, dans le meme laps de temps, ne d^passaient gu^re 875 gr. 

Quant aux individus de la F 2 , leur croissance se fit dans les limites 
d*une grande variation. (Tableau 27). 
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Croissance jusqu*a 400 grammes 

Comme base d*estimation, nous envisagerons la rapidity de crois¬ 
sance des cohay a en inbreeding. Leur croissance est assez r^guliere; 
d'une mani^re g^n^rale, les petits d*une meme portae croissent avec 
une rapidity k peu pres 6gale. II est rare, en effet, qu*un fr^re croisse 
beaucoup plus vite que ses autres freres et soeurs. Aussi Tamplitude 
des variations du poids reste-t-ellc dans des limites peu ^lev6es. 

La croissance des hybrides reste egalemcnt dans les limites d'une 
faible variation: 


Nombre de jours pour atteindre le poids de 400 grammes 


^ P. apefea 

N 

le plus faible 

1 le plus fort 

moyenne 

^.cobaya 834 

4 

25 jrs. 

60 jrs. 

47 jrs. 

678 

4 

40 

75 .. 

55 „ 

263 

2 

57 

70 

63 „ 

168 

4 

23 „ 

50 „ 

43 


Par contre, les poids atteints par les sujets de la F 2 , tdmoignent 
de grandes differences d'une portee k Tautre: 


Nombre de jours pour atteindre 400 gr. chez 9 p)ortees prises au 
hasard dans la descendance immediate d’hyb. Fi 


$ cob. 834 

$ cob. 678 

$ cob. 263 

1 

2 

3 

4 

5 

6 

7 

8 i 

9 

64 

65 

50 

65 

77 

82 

80 

55 

80 

120 

90 

76 

69 

80 

125 

80 

75 

100 


100 

95 

130 

109 


123 

iOO 

118 



100 j 


115 



121 



Nous pouvons deja voir par ces quelques chiffres que, dans chaque 
portee, il se manifeste, des les premiers mois, des accelerations plus ou 
moins fortes de croissance qui sont le temoignage evident 
d*u ne disjonction des pouvoirs de croissance 
acquisparleshybrides. 

Le tableau 29 indique les modalites de ces dissociations qui s'eta- 
blissent selon les 4 classes de structure morphologique. Les chiffres 
moyens groupes comme suit mettent parfaitement en evidence cette 
repartition: 
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Classe 

N. 

moyenne des jours 
pour atteindre 400 gr. 

Cobaya temoins. 

96 

69 

hyb. Fi,. 

15 

51 

en F 2 -type hybr. 

61 

69 

,, cobaya. 

41 

77 

,, nouveaute. 

40 

97 

,, aperea. 

12 

105 

en Fn-type hybr. 

113 

75 

,, cobaya .. 

41 

77 

,, nouveaute. 

39 

99 

,, aperea. 

34 

115 

Fi X cobava . 

130 

72 


En outre, ces chiffres font ressortir que la croissance se ralentit dans 
la suite des generations, c’est-a-dire que chaque type considdre cn 
Fn met plus de temps pour atteindre 400 gr. que le type correspondant 
en F:, sauf cependant en ce qui concerne la classe cobaya qui dvolue 
en F 2 dans le mdme temps qu*en Fn- 

En consultant les courbes de frdquence des poids pour 
atteindre 400 gr., on remarquera que la croissance est beaucoup plus 
lente chez les classes fusiformes (cS et cs) comparativement a ce 
qii*elle est chez les classes ovoides (Cs et CS). Cela nous apprend que 
I’acceldration de la croissance est sous la dependance du facteur C 
de corpulence. La lenteur de croissance des individus de la classe 
aperea (cs) est k remarquer comme signification d'une faible vitalite 
de Tespece. 

En outre, on retiendra que la disjunction des facteurs de crois¬ 
sance se fait selon des courbes bimodales k toutes les generations k 
partir de la F 2 , marquant ainsi que chaque classe croit selon deux 
modes bien definis. 

RapidUi mensuelle de croissance, pendant une annie 

Pour determiner les taux d'acceieration de croissance mensuelle, 
nous avons considere que la croissance adulte devait forcement depen- 
dre du poids k la naissance. D'autre part, nous avons dfi tenir compte 
que les differentes classes croissent selon des taux differents. 
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Tableau 30. — Croissance mensueUe 


N 


j Poirls a la 

1 naissance 

mois 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

"i 

12 

7 

I 

55 

cs 

125 

225 

340 

419 

517 

566 

625 

650 

660 

685 

700 

705 

14 

II 

65 

cS 

165 

250 

375 

475 

555 

624 

660 

675 

700 

720 

725 

730 

5 

III 

80 

cs 

198 

296 

400 

500 

582 

705 

800 

840 

875 

890 

900 

920 

45 

IV 

105 

Cs 

300 

448 

555 

672 

755 

827 

915 

955 

975 

995 

1010 

1017 

15 

F, 

125 

Cs 

325 

560 

700 

825 

945 

1050 

1125 

1200 

1245 

1290 

1325 

1350 


Tableau 31. -- Coefficients d'acceleration de croissance calciiles sur 
la base dii poids moyen a la naissancc, soit 86 gr. 


raois 

aperea 

segr. 

cs 

nouveaute 

cs j 

cobaya 

segr. 

CS 

hv bride 
s^gr. 

Cs 

hybride F, 

Cs 

1 

1.45 

1.92 

2.30 

3.49 

3.77 

2 

2.61 

2.90 

3.- 

5.21 

6.51 

3 

4.07 

4.35 

4.64 

6.45 

8.14 

4 

4.87 

5.52 

5.81 

7.81 

9.59 

5 

6.01 

6.45 

6.76 

8.79 

10.93 

6 

6.58 

7.25 

8.20 

9.50 

12.21 

7 

7.26 

7.67 

9.30 

10.64 

13.02 

8 

7.55 

7.84 

9.76 

11.05 

13.95 

9 

7.67 

8.14 

10.17 

11.34 

14.48 

10 

7.96 

8.37 

10.30 

11.51 

15.— 

11 

8.14 

8.43 

10.46 

11.73* 

15.40 

12 

8.20 

8.50 

10.70 

11.72 

15.70 

moyennes . . 

”^04 

6.45 

7.61 

~9.10 

11.58 

amplitude de 
croiss. ... 

6.75 

6.58 

8.40 

8.25 

11.93 

taux d'acc616ra- 
tion .... 

14.63% 

15.62% 

18.40% 

22.19% 

29.30°/;, 
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Nous avons en consequence choisi parmi les individus de la F 2 , 
71 sujets que nous avons classes en 4 groupes correspondant aux 4 
classes de structure morphologique: 

ler groupe (cs) 7 indiv. poids moyen a la naissance 55 gr. 

2 e f1 ^ »> »» »» i* it it 11 

3e „ (CS) 5 .. „ „ 80 „ 

4e .. (Cs) 45 .. „ „ „ 105 „ 

D'apres ces chiffres dc base, nous avons dresse le tableau 30 ou sont 
portes les poids moyens acquis chaque niois durant unc annee. 

Les coefficients d'a cceleration de croissance (tableau 
31), calcules sur la base de la moyenne globale du poids a la naissance, 
font ressortir une progression mensuelle tres reguliere. D'apres les 
chiffres du tableau 31, nous avons dress^ la courbe dc crois¬ 
sance afferant a chaque classe (fig. 17). Ce qui ressort de Texamen 
de ces courbes c est qu’au bout d'une ann^e, les classes cS et cs ont 
atteint leur croissance maximum, tandis que les CS et les Cs de segre¬ 
gation peuvent croitre encore. Quant a Thybride Fi, sa croissance peut 
continuer apres une ann^e d'4gc; nous avons eu des hybrides qui ont 
atteint 1900 gr. 


Poids maximum enregistre : 



aperea P. 


cj 610 gr. 

hybride Pi. 


cJ 1900 

hybride segr. 

75 mois 

cJ 1870 

cobaya segr. 

63 „ 

(J 1330 

nouveauto. 

58 „ 

? 1070 

aperea segi. 

88 

9 970 

Detlefsen: 



rufescens. 

12 

,^9 410 

cobaya . 

12 

(?9 830 


Sous Ic rapport de la croissance, la luxuriance des hy¬ 
brides ressort nettement. File se manifeste d abord dans les poids 
moyens a la naissance, soit 115 gr.,.contre 80 gr. pour les cohay a en 
inbreeding, Le rapport de luxuriance ressort k 1.36, pour 1.40 qui est 
celui des hybrides des croisements avec rufescens. 

Nous trouvons encore la manifestation de cette luxuriance dans la 
rapidity de croissance pour atteindre 400 gr., soit 51 jours contre 70 
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pour cobaya, et dans la croissance mensuelle, dont le taux d*acc616ra- 
tion est de 29.30%, centre 18.40% chez cohaya, 

En outre, il suffit de consid6rer les courbes (fig. 17) pour avoir une 
nette id6e de la puissance de croissance des hybrides Fi. 
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Une augmentation des activit^s glandulaires et de la force physique 
des hybrides est 4 la base de ces manifestations de luxuriance. 

LES DEGRES DE VITALITE ET DE FERTlLITli; 

Les pouvoirs de fertility dependent de Taction de plusieurs fac- 
teurs amends par Tun ou Tautre des parents, facteurs physiologiques 
et de croissance cmbryonnaire, constitution des organes gdnitaux de la 
m6re, retards ou avances dans les p6riodes de rut, conditions indivi- 
duelles d’assimilation de la nourriture, conditions hormoniques, etc., 
tons facteurs plus ou moins her^ditaires. 

Dans un croisement intersp^cifique qui met en jeu une somme de 
facteurs dont les combinaisons concourcnt k la formation d’un nombre 
plus ou moins grand de classes de segregation, il est important de 
prendre pour base de travail les potentialites de fertilite telles qu’elles 
se manifestent au sein d'une meme classe ou d’un meme type de 
croisement. 

On doit considercr les conditions qui accroissent ou qui diminuent 
le nombre des descendants et, parmi ces dernieres, la plus ou moins 
forte frequence des cas de morti-natalite, 11 faut aus.si faire intervenir 
en ligne de compte les facteurs de croissance et de poids individuels, 
les facultes plus ou moins grandes de reproduction determinees par la 
frequence relative du nombre des portees, le retour plus ou moins ra- 
pide des epoques de rut et le nombre moyen de petits par jx)rtee. 
Enfin la longevite des parents, qui aboutit k une procreation plus 
etendue. 

Calcul du nombre de petits par portee 

Le nombre moyen de petits par portee dans nos lignees du Cobaye 
domestique s'est montre tres variable, mais surtout relativement 
faible comparativement aux chiffres generalcment realises dans les 
eievages du Cobaye domestique. 

Ainsi que nous Tavons deja dit, nous ne savons rien des pouvoirs 
de procreation de Tespfece Cavia aperea, Selon Ed. Perrier, la femelle 
6!aperea mettrait-bas, une fois Tan, un ou deux petits. 

Quant k nos femelles du Cobaye domestique, parmi lesquelles nous 
avons choisi celles destinees au (J.P. aperea, nous devons dire qu'elles 
appartiennent k une lignee dont les pouvoirs de procreation ont sen- 
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siblement d&ru en raison de T^levage en captivite. En effet, la moyen- 
ne de petits par portee dans nos lignees ressort k 2.90, ce qui est relati- 
vement faible comparativement aux taux de fertility habituels dc cette 
espece. 

Le calcul des moyennes montre line assez forte variabilite allant de 
1 a 8 petits par portee: 

a F 2 , le chiffre de 5 petits par portae a ^t6 realise 3 fois 
enFi X P, „ ,, „ 5 „ ,, ,, ,, ,, 6 ,, 

do .. 6 „ „ .. „ I 

enFn M ,, „ 6 »» ,, ,, ,, 3 ,, 

niais ce sont des chiffres extremes entre Icsquels se presentent toutes 
les realisations possibles de 1 a 4. 

Nous donnons au tableau 32 un e t a t c o m p a r a t i f des 
moyennes de petits par portee realises j)ar nous-memcs et par Det- 
LKFSEN. 


Tableau 32. — Tableau comparatif des moyennes de petits par portee 
realisees dans nos croisements et ceux de Detlefsen 


Cavia aperea x robava 

Cavia ruf(‘scens v robava 


N 

luoycime 


\ 

inoyenne 



par portee 



par portee 

C. aperea. 

_ 

_ 

C. rufesreiLS. 

46 

1.35 

C.robava . 

2185 

2.90 

C. cobava . .’. 

484 

2.34 

P.aperea x 5^9 robava . 

16 

1.88 

(J F. robava x 99 rufrsreiis. 

37 

2.31 

hyb. F| > Iiyb. F| . . . 

192 

3. - 

^ hyb. F| X 9 rufesrens ( 1/2 sauvage) . 

83 

1.60 

l-'n >' J-n. 

no 

2.20 

^ hyb. F 2 X 9 rufescens (V 4 ‘<auvagr) 

217 

1.90 

hyb. !■ 1 y $ robava . . 

207 

3 et 3.40 

(JFjj X 9 rufesrens {•/»- 1/64 sauvage) 

814 

1.99 

hyb. en Fn x 9 robava . 

118 

2.78 





Nous remarquerons que la generation parentalc se montre, dans le 
croisement rufescens, avec un nombre moyen de petits par portde sup4- 
rieur a ce qu’il est dans le croisement aperea, bien que la comparaison 
ne soit pas identique puisque, dans un cas, Tespke sauvage est entree 
dans la combinaison comme femclle, tandis que e’est comme mkk 
qu’elle y est entr6e dans Tautre cas. 

A part cette distinction, on peut tirer de ces chiffres une deduction 
interessante: 

Dans les croisements de Detlefsen, e’est le m&k de cobaya qui a 
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fonctionn^ comme reproducteur et nous voyons que sa descendance 
s'6tablit scion la proportion de 2.31 petits par port6e, ce qui laisse 
entrevoir que ce m41e a apport^ dans la combinaison le taux de fer¬ 
tility de resptee cobay a (2.34). Tandis que dans nos croisements, c*est 
le m41e aperea qui a dty utilise comme reproducteur. Par analogic, on 
pourra consid^rer que la moyenne de 1.88 petits par portae qui pro- 
vicnt de ses unions avec des femelles de cobaya marquerait le taux de 
fertility de I’espyce aperea. Nous pcnsons ainsi pouvoir combler not re 
ignorance du chiffre de fertility de Tespcce aperea, a 2 petits environ. 

Le croisement (J.P. aperea par 5 femelles cobaya (done 5 couples) 
nous donna 5 portyes: 4 compo.syes de 2 petits, 2 de 3 et 1 de 5 petits, 
soit, cn tout, 19 hybridcs, ayant foumi 32 couples: 

1 couple provenant de la ^ 4 .cobaya 820 moy.de 2.33 p.par portee 

4 „ .. 834 „ 3.20 „ 

6 678 „ 3.50 .. 

11 ,, en retour (J^.hyb.Fi x non appar. ,, 3.-- 

10 „ ,, „ (J.hyb. 22 „ „ 3.40 

Pour determiner la frequence moyenne du nombre de 
petits par port ye, il convient d’ytablir tin chiffre qui rende compte du 
taux de production dans chaque classe et dans chaque famille selon les 
differents types de croisement. Ce chiffre pent etre calcule par la som- 
me des petits nys divisye par le nombre de portees de chaque couple; 

11 represente ainsi les moyennes ryalisyes. 

Ces moyennes sont ensuite classyes selon leur ordre de grandeur en 
17 subdivisions 011 classes moyennes allant de 1, 1.25, 1.50, 

1.75_jusqu’a 5 — moyennes de petits par portee. Il s’agit d'en 

calculer les fryquences, c’est-^i-dire le nombre de fois que chacune de 
ces 17 classes ont yty ryalisyes; ces frequences sont calculees en ^ „ du 
nombre des couples. On obtiendra ainsi des courbes de fryquence ho¬ 
mogenes, marquant bien les degrys de fertility comparativement dans 
chaque type de croisement. 

Les calculs des fryquences moyennes se trouvent portys an tableau 
33. 
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Tableau 33. — Moyennes de petits par portee en % du nombre de couples 


moyennes par portw 

1 

1.25 

1.50 

1.75 

2 

2.25 

2.50 

2.75 

3 

3.25 

3.50 

3.75 

4 

4.25 

4.50 

4.75! 5 

1 

Cobaya x cobaya 

2185indiv. 

752porte . . . 

- 


2.40 

4.00 

4.80 

5.20 

7.75 

10.40 

14.90 

11.54 

10.40 

7.75 

5.20 

- 



2.40 

hyb. F| V hyb. Fi 

192 indiv. 

73 port^cs . 


- 

- 

- 

4.80 

5.20 

5.20 

10.40 

18.60 

10.40 

5.20 

- 

5.20 

- 

- 

- 

5.20 

^ F|| 

172 indiv. 

72port^cs . . . 

30.80 

7.75 

5.20 

10.40 

23.- 

11.54 

10.40 

5.90 

13.30 

5.20 

5.20 

- 

10.40 

5.20 

- 

-- 

2.40 

0 hvb. F| X 9 cobaya 

202 indiv. 

21 port^es . . . 

- 

- 

- 

- 

2.40 

4.80 

14.50 

14.50 

19.30 

14.50 

- 

9.70 

4.80 

2.40 


- 

- 


Sigregation mendelienne des pouvoirs de fertilite 

Dans les croisements de la lignde parent ale, nous trouvons des 
preuves en faveur du role de Th^r^dite comme agent de transmission 
des pouvoirs de fertilite. 

Trois femelles de cohaya panachdes (nos 820, 834, 678) avaient 6t6 
unies au cJ.P. aperea; ces unions avaient produit, respectivement, une 
moyenne de petits par port6e de 2.33,3.20,3.50. Or, comme le ^. aperea 
n’a pu apporter dans la combinaison qu’un potentiel unique de re¬ 
production, on en d6duira que c'est Tapport des femelles cobaya qui 
a regi le taux de production du nombre de petits. 

La meme constatation decoule des r6sultats des croisements en 
retour. Le i^.hyb. 22, comme on s'en souvient, avait h6rit6 deux 
f 0 i s du potentiel de reproduction apport6 par la m^me femelle de 
cobaya no. 263, sa mere. Aussi sa descendance se traduisit-elle par 
une moyenne de 3.40 petits par port6e, contre 3 produite par les 
hyb. Fi directs, dont le pouvoir ne provenait que d’une seule femelle. 

Des conclusions int^ressantes se d^duisent de Texamen des courbes 
de frequence. 

La premiere chose qui frappe, c'est la grande analogic qui existe 
entre les courbes de frequence chez Tespece cobaya et dans les combi- 
naisons hyb. Ft x hyb. Ft, ce qui s'explique par la raison que chaque 
courbe provient de parents de m6me nature et que, respectivement, 
chaque conjoint apporte un potentiel 6gal de fertilit4, qui se traduit 
par la formation d'une courbe monomodale avec mode sur 
3 petits par portee. 
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Les degr6s de fertility manifestos dans les croisements en retour 
((JcJhyb. Fi X cobay a non-apparentOes) se traduisent Ogalement 
par la formation d'une courbe monomodale avec mode 
Ogalement sur 3 petits, mais avec un plus fort pourcentage de rOalisa- 
tion. Cela indique que les taux de fertilitO se trouvent dOtermines par 
les femelles cobaya, et rehaussOs par I’activitO des gOnes apportes par 
rhybride. 

Ainsi qu*on aura pu s’en rendre compte, les degrOs de fertilitO ma¬ 
nifestos dans les croisements avec des individus des gOnOrations de sO- 
grOgation (Fn X Fn) tOmoignent d'une grande variabilitO qui se tra- 
duit par la formation d’une courbe quadrimodale et par 
TextrOme OlOvation des pourcentages de 1 et 2 petits (fig. 18). 



- coh, X cob. . . . . Fn xFn 

— O— 0—0 hybr. Fi X hybr. F| - hybr. F| x cob. 


Que signifie la formation de cette courbe quadrimodale ? 

Nous avons vu que la dissociation des caractOres de structure mor- 
phologique s'Otait traduite par la formation des 4 classes de sOgrOga- 
tion: hybride Cs, cobaya CS, nouveautO cS et aperea cs. Or on peut re- 
marquer que chaque sommet de cette courbe quadrimodale se rapporte 
k Tune de ces classes et marque les degrOs de fertilitO qui la conceme; 
on voit ainsi que: 
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1 . Les couples dont la fertilite moyenne s’est traduite par une pro¬ 
duction de 1 petit par portae appartiennent t o u s aux classes mor- 
phologiques nouveaute (cS) et aperea (cs). 

2 . Les couples dont le degrd de fertilite s*est traduit par une moyen¬ 
ne de 2 petits par portee se r^partissent principalement dans la classe 
nouveaut6 et on petit nombre dans la classe aperea\ presque })as dans 
les deux autres classes. 

3. Ceux dont le pouvoir de fertilite se calcule par une production 
moyenne de 3 petits appartiennent aux classes £S, Cs et, plus faible- 
ment, la classe cS. 

4. Enfin, la production d’unc moyenne de 4 petits est presque 
exclusivement d^voluc aux classes CS et Cs. 

II est ainsi demontre qu'il s'est produit une disjonction des degr(f\s 
de fertility lemoignee par Je nombre de petits par portee et que 
chaque classe de structure morphologique possMe un degre de fecon- 
dite particulier, dont la moyenne globale s’exprime de la lagon siii- 
vante: 




Fn 

Classe hyb. Cs . . 

3.09 

2.90 

,, cob. CS . . 

2.43 

2.10 

,, nouv. cS . . 

2.08 

1.38 

,, aperea cs . . 

1.73 

1.27 


On retiendra comme particulierement interessant la d6perdition 
de la fertilite au coiirs des gc^nerations, qui temoigne de la deg^n(5res- 
cence inherente a un croisement intersp^cifique, dans lequel les pou- 
voirs physiologiques sont forcement amends a une usure graduelle. En 
second lieu, on remarquera qu’il y a une relation entre la structure 
morphologique du genotype et la diminution des pouvoirs de fertility. 
On voit que la deperdition atteint son maximum dans la classe re¬ 
cessive aperea qui ressort avec une moyenne de 2 petits par poitde, 
chiffre qui illustre ce que doit etre le pouvoir reproductif chez Tespece 
sauvage. La deperdition est proportionnelle k 
la constitution genotypique, e'est-k-dire moindre 
chez les types ovoides (CS et Cs), que chez les types fusiformes (cS et 
cs). En somme, e'est le facteur C qui conditionne le plus fort degre de 
reproduction et la plus faible deperdition. 
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Pouvoirs de fertiliti dans la descendance des croisements en retour 

Nous avons vu que le pouvoir de fertility apporte par I'espece 
cobaya dans les croisements en retour rehaussait le taux moyen de pe- 
tits par portee comparativement a ce qu'il est dans les croisements 
directs Fj x Fi. II 6tait int6ressant de savoir si ce phenomene se 
maintenait dans les generations suivantes. 

Pour cela, nous avons entrepris une serie de croisements ayant pour 
objet d'ajoutcr, k chaque g6n6ration, I’apport du potentiel de fer- 
tilite d'line nouvelle femelle de cobaya. Les resultats de ces opera¬ 
tions se presentent comme suit: 



moyenne de petits 
par portee 

F, X C. 

3.10 

(F, X C)C. 

2.42 

(F, X C)C.C. 

2.50 

(F, X qc.c.c. 

2.63 

(F, X ('.) X (F, X C) . . . . 

2.88 


Sur la base que la premiere generation du croisement en retour res- 
sort avec une moyenne de 3.10 petits par portee, il est interessant de 
noter que, a la premiere generation, I’operation accuse une legere di¬ 
minution de la moyenne mais que, a chaque generation suivante, 
le potentiel de reproduction d'une nouvelle femelle de cobaya relcve 
sensiblement la moyenne pour la ramener, apres 4 generations, tout 
pres du taux de debut. 

Re.ste k connaitre maintenant la cause de la diminution du chiffre 
moyen k la deuxieme generation, soit (Fi x C)C. File s'explique de la 
fa^on suivante: Nous avons vu que les deux classes cS et cs ne sont pas 
reproduites dans les croisements en retour. Des lors, le potentiel qu’el- 
les auraient apporte faisant defaut, la production se trouve reduite 
d'autant. 

Neanmoins, on peut se rendre compte de la valeur qu*apporte le po¬ 
tentiel de reproduction des femelles de cobaya. On remarquera, en 
effet, que plus reiement de fertilite cobaya est 
introdiiit dans la combinaison, plus haut s'ele¬ 
va la moyenne de petits par portee. Onen conclura 
k nouveau que c*est le couple de facteurs cobaya (CS) qui est k Torigine 
de reievation des taux de fertilite. 
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LES DEGRJiS DE FERTILITY D^TERMIN^S PAR LE NOMBRE DE JOURS 
S’fecOULANT D'UNE MISE-BAS A LA SUIVANTE 

Le calcul de la dur6e moyenne s6parant une mise-bas de la sui- 
vante est un caract^re qui peut 6tre avantageusement choisi comme 
indice de determination des degr6s de fertility, car on constate d*assez 
grandes differences selon les types de croisement. 

Chez les Cobaya en inbreeding, les port^es se suivent avec une ex¬ 
treme regularite. Les dleveurs savent d'ailleurs bien que le m41e du 
Cobaye domestique couvre, le plus souvent, sa femelle le jour m^me de 
la mise-bas et c'est la raison pour laquelle les porttes se suivent r^gu- 
lierement. C*est du reste ce que nous avons note chez un grand nombre 
de couples dont le mile et la femelle etaient reunis pour une longue 
duree. 

Le nombre de portees qu*a donne le (J.P. aperea dans ses unions 
avec 5 femelles cobaya est trop faible pour en deduire une moyenne de 
base. Ce m41e etait chetif, 4ge, il ne vecut que 13 mois dans notre la- 
boratoire. Pour des raisons d'opportunite, nous ne pouvions le laisser 
en permanence avec ses femelles; celles-ci 6taient 61ev6es dans des 
cages 4 part oh le m41e 6tait r4introduit a T^poque de chaque mise-bas. 
De cette fa 9 on nous avons pu contrdler plus facilement la date de ses 
accouplements. Nous en donnons comme suit le detail: 


$ 

date de reunion 

date de mise-bas 

N 

intervalle 

263 

31,VIII.23 

6 . XI.23 

2 

68 jrs. 

168 

31. VIII. 23 

6.XI.23 

2 

68 .. 

168 

10.XI.23 

9.III.23 

4 

120 .. 

820 

31.VIII.23 

17.XI.23 

2 

• 79 

834 

31. VIII.23 

17.XII.23 

1 

109 „ 

834 

16.1.24 

17.III.24 

4 

60 „ 

678 

4.11.24 

10 . IV. 24 

5 

65 „ 


II r6sulte de Texamen de ces chiffres que la dur6e moyenne de 
rintervalle entre deux mises-bas est de 64-65 jours (60-70). Consi- 
d6rant qu'il a et6 constate quatre fois que le m41e s'est accoupl6 le 
jour de la mise-bas, la dur6e de Tintervalle marque la dur6e de 
la gestation. 

On enregistre une fois 109 et une fois 120 jours d^intervalle, mais il 
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est Evident que cette prolongation est le fait que le male 6tait rest6 
sans manifester son activite fonctionnelle I’^poque du d6but d'un 
cycle vaginal et que c'est le cycle suivant qui a 6t6 productif. 

Durant les 13 mois qu*il a v6cu dans notre laboratoire, le m^e 
aperea a done f6conde 7 fois ses femelles. II y a lieu de remarquer que 
celles-ci n’ont mis bas qu'en mars-avril-mai et novembre-decemhre 
Ce fait est int6ressant a constater puisqu*il t6moigne en faveur de 
Texistence de deux 6poques de rut, ce qui pourrait bien 
ctre en r6alit6 le cas chez Tespece aperea. 

Chez les animaux sains, il se pr6scnte quand-m6me une certaine 
amplitude de variation dans la succession des port6es, dont un certain 
nombre se suivent des intervalles plus longs (ou moins longs). Mais 
il est facile de se rendre compte que ces ditf6rences ne doivent pas 
s'interpr6ter comme marquant un allongement ou une diminution de 
la duree de gestation, mais comme dependant des cycles de rut ou 
I’ouverture vaginale est accessible au coit. 

En effet, chez les femelles non-portantes, ces cycles se succedent 
environ de 14 jours en 14 jours; ce n*est qu'4 Tdch^ance de Tun de ces 
cycles que la femelle peut ^tre f6cond6e. Si done, apres la mise-bas, 
le renouvellement de la f6condation ne s'etait pas produit, ce ne serait 
que 14 jours apres que la femelle pourrait ^tre de nouveau f6cond6e. 
soit, sur la base de 70 jours de gestation, 84 jours apres la pr6cedente 
port6e. De m^me si Ton comptait un intervalle de 98 jours entre deux 
mises-bas, cela signifierait que le renouvellement de la fecondation 
aurait laiss6 s ecouler deux cycles: 70 + 14 -f- 14 — 98. 


Duree d'une misc-has d la suivante 

Chez nos Cobayes, les modes de fr6qucnce de la duree d'une mise-bas 
a la suivante ont 6t6 calcules sur les dates success!ves de naissance 
parmi les couples ayant 6t^ rdunis tr^s longtemps ou 6tant rest6s tou- 
jour.e ensemble. Chez nos Cobayes domestiques: 

Un intervalle de 60-66 jours a et6 r6alis6 14 fois 



.. 9 „ 

,, 68 ,, ,, ,, 

„ 17 


25 

„ 70 „ „ 

.. 28 .. 


.. 7 „ 

„ 72-79 ,, „ „ 

16 .. 


Oepetica XXV 


30 
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Ces chiffres apportent des faits int6ressants: chez cohay a, le temps 
normal de gestation est de 69-70 jours. On peut admettre des hearts de 
deux jours en plus ou en moins en raison des conditions d'observa- 
tion: par exemple dans les cas d'une mise-bas nocturne n'ayant 6t6 
not6e que le matin du lendemain. 

Sur 128 cas, le chiffre de 67-71 a 6t6 observe 86 fois; mais il faut 
consid6rer qu*il y a eu 22 cas de mise-bas avant terme (60-66 jrs) 
et 36 cas oil rintervalle a 6t6 de 71-94 jours qui ne peuvent provenir 
que d'un retard dans Taccouplement ou dans la f6condation consecu¬ 
tive, sans qu*il soit possible de pr^ciser. Lorsque I’^cart atteint 15 jours ou 
plus on peut admettre que la fecundation n'aeu lieu qu*au rut suivant. 



- cobaya -hybr. F| x hybr. Fi -hybr. Fi X cohaya 

Duree de la gestation chez les femelles Fi 

Voyons comment se presente la duree de gestation chez les femelles 
de la generation b&tarde. Dans Tensembie: 


un intervalle de 62 jrs. a ete realise 

3 fois 

i$ It it 63 

tt it tt tt 

3 .. 

M „ 64 


13 

„ M M 65 

tt It tt tt 

6 

it tt tt 66 

tt tt tt tt 

4 

„ „ „ 67 

tt tt tt tt 

3 .. 

, , ,, 68 

tt tt tt ;• 

4 

t, tt tt 69 

tt tt tt tt 

2 .. 
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On constatera le fait trts int6ressant que la durte moyenne de la 
gestation des lemelles Fi est r^duite i 64 jours. En comptant 62-66 
jours comme dur6e noimale des femelles hybrideSt on voit que celle- 
ci est r6alis6e 26 fois. II y a une naissance pr6matur^e a 54 jours et 
des retards allant jusqu'4 10 jours. 

Le fait que les femelles cobaya {dur6e moyenne de gestation 70 jrs.) 
portant des petits dont le p^re est un hybride Fi, ont une gestation de 
64 jours est trfes int<5ressant du point de vue physiologique. II montre 
que le p^re transmet des combinaisons de facteurs de croissance, ame- 
nant un d6veloppement embryonnaire plus rapide, que Ton peut 
rapprocher du ph6nom^ne de luxuriance des hybrides au 
point de vue du poids k la naissance. De plus, il montre que c'est 
1*6tat de d6veloppement du foetus qui declenche le 
ph6nomene de la mise-bas chez la mere, puisque celle-ci est amenee, 
par la nature de son fruit, k entrer en travail avant le d61ai normal. 

II est vrai, ainsi que nous I’avons dit (v. p. 366) que la mise-bas 
acc616r6e des femelles de cobaya sous Tinfluence du coit par le (J.P. 
aperea dertiande, pour r6ussir, Tacquisition d*une adaptation 
organique sp6ciale qui ne s'acqiuert qu*apr6s I’avortement 
des premiers embryons con^us. 

Duree de la gestation chez les femelles des croisements en retour 

La dur6e de la gestation chez les femelles cobaya fecond6es par des 
males hybrides Fj, offre une amplitude de variation de duree, t6- 
moign6e par des chiffres allant de 49-90 jours d*intervalle entre une 
port6e et la suivante. De mSme que dans le cas pr6c6dent, il est con- 
stat6 des cas de r6sorbtion embryonnaire en vue de I’acquisition de 
l*adaptation organique n6cessaire. 

Sur 56 sujets: 

un intervalle de 49-60 jrs. a 6t6 realise 4 fois 
M >1 i» 61—62 ,, ,, ,, ,, 3 ,, 


it 

tt 

*1 

ft 

ft ft ft tf 

ft 63 ,, ,, ,, 

ft ft 

4 

t* 

ft 


.. 11 » 

tf 

ft 

ft 65 ,, ,, ,, 

6 


11 


5 


»l 

.. 67-70 .. .. .. 

.. 12 .. 
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ce qui fixe la duree moyenne de la gestation des femelles de cohaya 
f6cond4es par des m^les hybrides F\ k 64 jours, chiffre sur lequel 
tombe le mode maximum de frequence. 


Tableau 34. — Duree d'une mise-has d la suivante modes de frequence 


irs. 

aperea 
9 cobaya 

cobaya 

esp('‘ce 

hyb. F| X hyb. Fi 

hyb. F, 

$$ cobaya 


fre- 

fr6- 

o 

fre- 

1 O' 

1 .0 

fr6- 

0 ^ 


quence 

quence 

, o 

quence 


quence 

/o 

50 






1 

1 70 

51 








52 






1 

1 70 

53 








54 






1 

1 70 

55 




1 

.1.70 


• 

56 








57 






1 

1.70 

58 








59 








60 

1 

1 

0.80 





61 


1 

0.80 



1 * 

1.70 

62 


1 I 

0.80 

1 

1.70 

2 

3.50 

63 


2 

1.60 

3 

5.20 

4 

7.10 

64 


1 

0.80 

13 

22. .%0 

11 

19.50 

65 

:i 

4 

3,10 

5 

8.50 

6 

10.70 

66 


4 

3.10 

4 

6.90 

5 i 

8.90 

67 


9 

7.03 

3 

5.20 

4 

7.10 

68 

1 

24 

18.80 

3 

5.20 

3 

5.40 

69 


28 

21.90 

2 

3.40 

2 

3.50 

70 


17 

13.30 



2 

_3.50 

~7\ 


' 7 

5.46 





72 


5 

3.90 



1 

1.70 

73 


3 

2.40 



1 

1.70 

74 


3 

2.40 



1 

1.70 

75 


2 

1.50 



2 

3.50 

76 


2 

1.50 



2 

3.50 

77 


2 

1.50 



2 

3.50 

78 


1 

0.80 




1 

79 


1 

0.80 





80 


1 

0.80 





81 

82 








83 


1 

0.80 



1 

1.70 

84 








85 


2 

1.50 



1 

1.70 

86 


2 

1.50 





87 








88 






1 

1.70 

89 








90 

1 

2 

1.50 
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Tableau 35. — Durie d*une mise-bas k la suivante dans les ginirations 

de segregation 


j 

i 

1 

classe hybride 

Cs 

classe oobaya 

CS 

classe nouveaut^ 

cS 

classe aperea 

cs 

r^alis6 

0/ 

/o 

r6alis6 

1 

r6alis6 

O' 

'O 

realist 

O' 

/o 

61 

2 

0.90 

1 

0.70 





62 

4 

1.80 

2 

1.40 





63 

8 

3.70 





1 

1.60 

64 

44 

20.70 

5 

3.10 

1 

1.1 



65 

24 

11.30 

6 

3.80 

2 

2.2 



66 

23 

10.90 

8 

4.90 

2 

2.2 



67 

22 

10.40 

9 

5.50 

3 

3.40 

1 

1.60 

68 

14 

7 

14 

10.50 

4 

4.4 

2 

3.30 

69 

11 

5.30 

28 

17.40 

11 1 

12.60 

2 

3.30 

70 

7 

3.30 

14 

10.50 

5 

5.70 

3 

5 

71 

4 

1,80 

6 

3.80 

3 

3.40 

7 

11.60 

72 

1 

0.50 

4 

2.40 

3 

3.40 

3 

5 

73 

1 

0.50 

4 

2.40 

2 

2.20 

2 

3.30 

74 

1 

0.50 

2 

1.20 

2 

2.20 

1 

1.60 

75 



2 

1.20 

1 

l.IO 



76 

2 

0.90 

1 

0.60 

1 

1.10 



77 

2 

0.90 

1 

0.60 

2 

2.20 

2 

3.30 

78 

4 

1.80 



2 

2.20 



79 

11 

5.30 







80 

4 

l.OO 

2 

1.20 



1 

1.60 

IT 

3 

1.40 






1.60 

82 

2 

0.90 

2 

1.20 

3 

3.40 



83 

2 

1 0.90 

4 

2.40 

3 

3.40 



84 

2 

0.90 

6 

3.80 

5 

5.70 

3 

5 

85 

1 

0.50 

10 

6.20 

6 

6.90 

5 

8.30 

86 

2 

0.90 

5 

3.10 

4 

4.40 

4 

6.60 

87 

2 

0.90 

3 

1.80 

3 

3.40 

3 

5 

88 

3 

1.40 

4 

2.40 

3 

3.40 

3 

5 

89 

2 

0.90 

3 

1.80 

2 

2.20 

2 

3.20 

90 



2 

1.20 

2 

2.20 

1 

1.60 

91 



~ 

1.20 

3 

3.40 

2 

“^3.20 ' 

92 





1 

1.10 

2 

3.20 

93 







1 

1.60 

94 

1 

0.50 

1 

0.70 

1 

1.10 

1 

1.60 

95 

1 

0.50 

1 

0.70 
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II est int^ressant de constater que la dur6e de la gestation, dans les 
croisements en retour, subit la m6me reduction que dans les croise- 
ments hyb. Fi x hyb. Fi, car c'est Taffirmation que ce sont les 
facteurs de croissance apport^s par le p^re hyb. Fj qui d^terminent la 
durte du d^veloppement embryonnaire. Au surplus, les deductions qui 
se peuvent tirer de ces chiffres sont les m6mes que celles que nous 
avons tiroes du croisement entre hybndes. 

Diitie de la gestation dans la segregation (fig. 20). 

La dur^e de la gestation determinee par les intervalles s'dcoulant 



Fig. 20. Durec d’une mise-bas k la suivante dans l^s generations de segregation. 

I . classe cohaya CS O - o - o classe nouveaute cS 

- . classe hybride Cs --classe aperea cs 


entre deux mises-bas des femelles hyb. Fi, temoigne d'une amplitude 
de variations de dur^e telle qu'il n’est pas aisd d'en deduire un chiffre 
moyen exactement representatif. 

Le seul fait qui ressorte des chiffres avec vraisemblance c'est que 
Ton rencontre, avec une bonne frequence, les deux modes de duree de 
la gestation connus: 64 jours (type hybride) et 70 jours (type cobaya) 
mais avec un infinite d'intervalles secondaires d'une mise-bas k la sui¬ 
vante pouvant aller jusqu'4 200 jours. De telles prolongations sont le 
temoignage de Taction de certaines contingences physiologiques gfi- 
nant la concordance entre les ruts et la succession des cycles vaginaux. 
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On pent y voir, en outre, Tinfluence ancestrale des p 6 riodes de rut de 
Tesptee aperea. 

Mais le principal fait k retenir, c'est que le r^tablissement des deux 
modes (64 jours type hybride et 70 jours type cobay a) marque une 
nette dissociation mend61ienne des pouvoirs 
de fertility. 

En effet, les calculs concernant un ensemble de 100 individus des 
generations F 2 et F 3 se traduisent par la formation d*une courbe bi- 
modale dont Tun des sommets tombe a 64 jours et Tautre k 70 jours; 
entre lesquels on reconnaft divers modes intermediaires. 

Reproduction en deux cycles de plus forte fecondite 

On sait qu’4 retat sauvage, une quantity de mammif^res se repro- 
duisent selon des epoques de rut determinees, generalement une fois 
au printemps. Ce caract^re se rencontre plus particulierement chez les 
Rongeurs. Chez les cavia sauvages, nos connaissances k ce sujet sont 
peu nombreuses. Ed Perrier signale que les femelles du Cavia aperea 
mettent-bas une fois dans Tannee, un ou deux petits. 

Nos croisements entre aperea et cobay a apportent quelques faits qui 
tendraient a d 6 montrer que Tesp^ce aperea pourrait bien se reproduire 
selon deux 6 poques de rut. Quant au Cavia cobay a, on sait bien qu'il se 
reproduit sans discontinuity, de 70 en 70 jours. 

Nous avons d^ja signal^ que les femelles du Cobaye domestique don- 
T\6es au cJ. P. aperea avaient mis-bas selon deux ^poques distinctes, soit 
mars-avril-mai et novembre-dycembre et qu'aucune naissance n'avait 
eu lieu durant les autres mois. Cela impliquait forcyment que le m41e 
ne s*ytait accoupiy qu’en janvier-fyvrier-mars et septembre-octobre, 
soit 65 jours environ avant rypoque de cliaque mise-bas, ainsi qu'il 
ressort du tableau suivant: 



65 jours aupaxavant 

2 port^s mars 1924, 6 petits. 

janvier 

1 „ ■ avril 1924, 5 „ . 

fyvrier 

1 „ mai 1924, 3 „ . 

mars 

3 „ nov. 1923, 6 „ . 

septembre 

I d6c. 1923. 1 . 

octobre 
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Nous enregisfrons ainsi des port^es pendant 5 mois seulement au- 
cune n'etant enregistree durant les 7 autres mois. 

Cependant, le m41e, durant les mois qui n'ont pas donn^ de mises- 
bas, avait quand meme en mis presence des femelles. Nous en ti- 
rons la conclusion qu'une interruption de sa fecondit^ s’^tait produite 
entre deux p^riodes de reproduction particuli^rement active. On ne 
saurait, dc fa 9 on certaine, interpreter Texistence de ces deux cycles 
de mises-bas comme temoignant quc I’espcce aperea, dans son etat 
sauvage, se reproduirait selon deux epoques de rut. Neanmoins, le fait 
interessant n*en demeure pas moins, qui marque un arret de Tactivite 
rcproductrice du m41e aperea entre deux cycles de fecondite. 

On trouvera au tableau 36 (frequences mensuelles du nombre des 
portees) la liste de chaque misc-bas et le nombre total des portees 
classe selon les douze mois de Tannee, et cela pour la Fi, la Fz et pour 


Tableau 36. — Friquence mensuelle du nombre des portees 



aperea x 
cobaya 

F 2 de F, X 

V 2 fie F, X 
cobaya 

cobaya es- 
p^ce, calculi 
h la m^e 
^poquc que 
les F 2 

N. de 

por¬ 

tees 

o/ 

/O 

N. de 

por- 

t^s 

O' 

N. de 

por- 

tdes 

0 / 

/o 

N. de 

por¬ 

tees 

O' 

/o 

janvier. 

_ 

_. 

12 

5.7 

15 

6.8 

18 

8.3 

fevier. 

— 

— 

11 

5.2 

14 

6.4 

17 

7.9 

mars. 

4 

21 

12 

5.7 

28 

12.7 

19 

8.9 

avril. 

5 

26,3 

24 

11.3 

29 

13.2 

18 

8.3 

mai. 

3 

15.5 

15 

7.10 

21 

9.6 

18 

8.3 

juin. 

— 

—- 

20 

9.9 

16 

7.3 

17 

7.9 

juillet. 

— 

— 

18 

8.5 

16 

7.3 

18 

8.3 

aout. 

— 


15 

7.1 

11 

5 

19 

8.9 

septembre. 

— 

— 

13 

6.1 

13 

5.9 

18 

8.3 

octobre. 



15 

7.1 

15 

6.8 

19 

8.9 

novembre. 

5 

26.3 

30 

14.1 

21 

9.6 

17 

7.9 

decembre. 

2 

10.5 

27 

12.3 

20 

91 

18 

83 

Total des portees . . 

19 


212 


2T9^ 


216 
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les croisements en retour. Nous y avons ajoute la liste des mises-bas 
que nos Cobayes domestiques ont cues durant la memc epoque que 
celles de la generation hybride. Consulter egalement les courbes de 
frequence (fig. 21). 


% 



Fig. 21. Frequence mensuelle clu nombre des port<5es 

■■ I ^ aperea x cobaya • - • F 2 deFi X cobaya 

Fj de F| X F| cobaya en inbreading 

Chez les Cobayes domestiques, le nombre des portees mensuellcs 
ressort chaque mois, avec un chiffre a pen pres egal, entre 17 et 19. 
Sur 216 notations, les pourcentages de realisation tombent, de mois en 
mois, entre 7,9 et 8,9%. Aussi la courbe de frequence mensuelle 
est-elle pratiquement horizontale chez cobaya. 

L'interruption des portees mensuelles dans le croisement (J.P. 
aperea x cobaya se resoud par la formation d'une courbe 
interrompue marquant deux maxima de realisation, Tun tom- 
bant sur novembre et Tautre sur avril, chacun avec 26.30?() de realisa¬ 
tion. 
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Dans les croisements F| x Fi et Fi x par cobaya, les port^es se sui- 
vent bien mois par mois sans interruption, seulement elles se r^par- 
tissent d'une fa 9 on trfe in6gale, entre 11 et 30 par mois avec forte 
frequence aux mois des mises bas et notable diminution aux mois inter- 
calaires. Entre ces extremes, s*4chelonnent des portfes moins nom- 
breuses, en progression ascendante ou descendante; leur succession se 
traduit alors par la formation d*une courbe bimodale dont les 
sommets coincident avec les maxima du croisement parental c'est- 
a-dire avril et novembre: 



ler sommet 

26me sommet 

1 

mois 

% 

mois 

% 

aperea x cobaya . . 

avril 

26.3 

novembre 

26.3 

F 2 de Fi X Fi. 

avril 

11.3 

novembre 

14.1 

F 2 de Fi X cobaya . . . 

avril 

13.2 

novembre 

9.6 


II y a done coincidence parfaite entre les mois de f^condit^ du 
cJ.P. aperea et ceux de plus forte production de port^es de la F 2 et 
des croisements en retour. D’autre part, aux mois d'interruption de la 
fecondite du ^. aperea correspondent ceux ou les couples de la F 2 mar- 
quent les plus petits chiffres de port^es. 

Autrement dit, les deux cycles de reproduction de la generation 
parentale se manifestent, en F 2 , par la production de deux cycles cor- 
respondants caracterises par le nombre plus ou moins grand des por- 
tees. C/est ce que Texamen des courbes de frequence demontre par- 
faitement. 

Des lors, on ne peut s’empecher d'y voir la preuve evidente d’une 
liaison genetique entre le mode de reproduction en deux 
cycles du cJ. P. aperea et celui des generations F 2 , qui se manifeste par 
deux cycles de forte frequence. 

Ainsi, deux antagonistes sont en presence: L'un est temoigne par 
I’apport d'un mode de fecondite {aperea) en deux cycles annuels, qui 
se traduit par une courbe interrompue oil Ton distingue deux sommets. 
L'autre est temoigne par Tapport d'un mode de fecondite (coftayo) sans 
discontinuite qui se traduit par la formation d'une courbe horizontale. 
La fig. 23 montre qu'une tres nette segregation s'opere entre ces deux 
modes dans la descendance. 
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II est int^ressant de noter que les courbes des port^es dans les croi- 
sements Ft X Ft sent analogues a celles des croisements en retour, ce 
qui se con^bit, puisque dans les deux cas, ce sont les memes m41es 
qui sont intervenus. Nous nous trouvons 14 en presence d’un syst^me 
de transmission touchant aux variations du pouvoir de fertilite. 

La question se pose maintenant de savoir si le mode de reproduc¬ 
tion en deux cycles de f4condit6 implique la signification que Tesp^ce 
aperea, k Tdtat sauvage, se reproduirait en deux dpoques de rut an- 
nuelles. Nos recherches ne s'dtant poursuivies quo d'apres Taccouple- 
ment d*un seul mile apetea et la descendance r^ciproque ne nous dtant 
pas connue, il serait pr^matur^ de trancher la question dans le sens de 
Taffirmative. 


CHAPITKE CINIQ 

MORTI-NATALITfi ET PROPORTION SEXUELLE 

On sait que chez les esp4ces sauvages, les parents, ont d’instinct, 
tendance k Glimmer de leur descendance, en les d^truisant, les petits 
mal n^s ou deficients, done inutiles pour revolution de Tespece. 
II faut croire que Tespece Cavia aperea poss^derait cct instinct k un 
haut degre si Ton en juge d*apr6s le comportement des parents dans 
le croisement aperea x cobaya, a Tegard de leurs petits qui ne pa- 
raissaient pas absolument viablcs. Cct instinct s'est manifeste tout 
specialement en ce qui conceme les morts-nfe qui ont toujours ete 
systematiquement dechiquetes, ronges par leurs parents des la nais- 
sance, k tel point que, d'apres les restes informes que Ton retrouvait 
dans la litiere, il etait impossible d’en determiner le sexe. On con^oit 
qu*une telle habitude de destruction devenait tout ce qu’il y a de 
plus prejudiciable k une exacte determination de la proportion sex- 
uelle. 

Dans la descendance du croisement, le nombre des morts-nes s’est 
toujours montre eieve; consequemment, le nombre des sujets dont le 
sexe restait inconnu fut important. Neanmoins, nous purnes arriver k 
une determination satisfaisante d'apr^s un nombre de couples choisis 
parmi ceux n'as^nt pas produit de morts-nes, ou n'en ayant que peu 
donne. 

Une statistique globale de la morti-natalite et de la proportion 
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sexuelle dans les generations parentales, Fi et en retour, se pr6sente 
comme suit: 



N 

<? 

1 

? 

morts-n6s 

% morts- 
n4s 

(^.P. aperea x 9 $.cobaya . 

24 

7 

8 

9 

37.5 

hyb. Fi X hyb. Fj . . . . 

219 

101 

61 

57 

29 

^^(J.hyb. F| X $$.cobaya . 

183 

74 

58 

51 

23.45 


soit une moyenne de 29.65^4, morts-nes, contre 4% qui est la moyenne 
calculi sur pres de 3000 cobayes domestiques non-apparent^s. 

Cependant, si Ton serie les pourcentages de morti-natalite selon Ics 
divers types de croisements, Ton constatera qu'ils se pr^sentent de 
fa^on tout a fait differente. 

La Morti-natalite 

Les pourcentages de mortality k la naissance ont et^ ddterminfe 
en proportion du nombre total des petits n6s. On verra que la morti¬ 
natality augmente oii diminue dans d'assez larges proportions suivaYit 
la nature des croisements. 

Le (J.P. aperea no. I foumit par ses 7 femelles, 23 port^es, dont 2 
avortements, 2 mises-bas avant terme; 2 femelles moururent en met- 
tant-bas. 

Le (^.aperea no. II fournit avec ses 4 femelles, 4 portees dont les 
femelles avorterent. 

Les 12 hybrides qui eurent une descendance, furent representes 
par 3 et 9 $; ils produisirent ensemble: 
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Tableau 37. — Pourcentage de morti-natalite dans le croisement 
hyh. Pi X hyb. Fi 



nomb. de 
portdes 

nomb. de 
petits 

nomb. de 

morts-n^s 

% morts-nes 

^hyb. 16 





$ hyb. 16 , . . 

2 

5 

— 


? .. 26. . . 

11 

31 

7 


9 36. . . 

11 

39 

5 

25.4 

9 .. 46. . . 

7 

18 

10 


9 56. . . 

8 

21 

7 


(S hyb. 13 





9 hyb. 23. . . 

20 1 

48 

1 


9 .. 13. . . 

8 

22 

2 

8.7 

9 .. 33. . . 

3 

10 

4 


S hyb. 12 





9 liyb. 33 . . . 

4 

16 

2 

12.5 


74 i 

210 

38 

18.10 


On voit ainsi que la morti-natalit^ est beaucoup plus frequente dans 
la descendance du cj.hyb. 16 et que le cJ.hyb. 13 fait preuve d'une 
plus forte vitality. On ne pent cependant pas se rendre compte quel est 
le r61e des femelles dans la production du nombre des morts-n6s. II est 
possible que Torigine de ces differences provienne des femelles don- 
n6cs au cJ.P- aperea. Quoiqu’il en soit, le croisement des individus 
Fi X Fi se traduit par la production d'une mortality, k la naissance, 
tres elevee i). 

Dans les croisements des hybrides avec des femelles de cobaya, la 
morti-natalit6 d^crolt lorsque, k chaque generation, on introduit une 
nouvelle femelle de cobay a. Par la raison que les m41es de cobay a ne 
sont pas intervenus dans ces combinaisons, nous en d^duisons a nou¬ 
veau que la determination du degre de morti-natalite depend de Tes- 
pece matemelle. 

1) Dans ce tableau n’est pas comprise la descendance du ^.hyb. 22 dont on 
trouvera le detail au tableau suivant. 
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Tableau 38. - La morti-naialite dans la descendance 



I 

II 


IV 

\' 

N 

m.ncs 

%. 

N 

m.nes 

% 

B 

n.mes 

% 

N 

m.ii6s 

% 

N 

m.n6s 

% 

^ P.apcrea >< $$ cobaya 

24 

9 

37.5 













cobaya x cobaya . . 

108 

5 

4.63 

112 

5 

4.46 

110 

6 

5.40 

127 

3 

4.24 




byb. X hyb. 

210 

38 

18.10 

306 

39 

12.74 

190 

28 

14.9 

153 

21 

13.1 

no 

17 

15.5 

hyb. X $ cobaya . . 

120 

8 

6.6 

257l 

11 

4.3 1 

136 

8 

5.8 

63 

3 

4.76 

46l 

2 

4,35 

hyb. 22 x $$ cobaya . 

111 

6 

6.4 

14l' 

14 

9.8 

80 

4 

5 

34 

2 

5.9 

18! 

1 

5.5 


Nous avons pu relever les taux de morti-natalit^ r^alis^s dans la 
descendance, pendant 5 generations successives, par les types cobaya, 
hybrides et dans les croisements en retour. On trouvera ces donnees au 
tableau precedent. 

Dans le tableau 38 la colonne I donne les chiffres provenant du 
croisement Fi x Fi et des Cobaya en inbreeding. Dans les autres co- 
lonnes, ce sont les types segreges, hybrides et cobaya, qiii sont 
choisis comme parents. 

On se rendra compte d'apr^s ce tableau, que le taux de pro¬ 
duction de la niorti-natalite est nettement 
fonction dc la formule chromosomiquc des 
parents: 

Le croisement aperea x cobaya a mis en presence deux especes de 
Cobayes, Tune representee par le (J.P. aperea repondant i la formule 
cs et dont le taux de morti-natalite se traduit par le chiffre de 37.5; 
I'autre, representee par des femelles du Cobaye domestique, CS, dont 
le taux de morti-natalite est de I’ordre de 4.63; I'union de ces deux 
antagonistes donna lieu k la formation d'hybrides, Cs, dont le taux de 
morti-natalite s’exprime par le chiffre de 18.1, c’est-4-dire un taux in- 
termediaire. 

D autre part, nous considererons les resultats des croisements 
en retour, chez lesquels I'apport des potentiels de natalite par les 
femelles de cobaya a notablement rehausse les degres de fecondite, qui 
se traduisent d^s lors par un taux faible de morti-natalite, soit 6.6 et 
5.4, qui est, k peu de chose pr^s, le taux moyen de Tespece cobaya. 

En second lieu, nous considererons les taux de morti-natalite qui 
se sont produits durant 5 generations successives. On y verra que 
chaque genotype possfede un taux de morti- 
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natality qui lui est propre et que ce taux se 
maintient, k peu prfes constant, de g^n^ration 
en g^n^ration. 

Le maintien d'un taux determine au cours des generations implique 
necessairement une intervention genetique. On envisagera que retat 
de complete dominance de cobaya entre des lors en jeu, c*est-4-dire 
que la paire de genes CS comporte une action determinante d'augmen- 
tation de fecondite par opposition a retat de complete recessivite du 
parent aperea, cs; et que la combinaison C-s regit une production in- 
termediaire. 

Les taux de morti-natalite des deux genotypes nouveaute, cS, et 
aperea reconstitues cs, n'ont pu etre determines separement, la majo- 
rite des individus de ces deux classes etant represententee par des 
croisements cS x cs. Eil sorte que les calculs marquent les taux glo- 
baux de ces deux classes: 



11 

III 

IV 

V 


N. 


N. jm.n^sj % 

N. 

m.n^s 

O' 

/o 

N. 

m.n<?s 

% 

cS X cs 

20 

3 15 

22 1 4 18.18 

63 

22 

34.9 

40 

24 

60 


Ces chiffres etablissent que les taux de morti-natalite vont en 
augmentant avec le nombre des generations. On sera frappe par Tex- 
traordinaire elevation des pourcentages de morts-nes dans les deux 
classes recessives; notamment le chiffre de 60% qui, bien qu'approxi- 
matif, ressort ^ la 5e generation d'4ge, montre Textreme u s u r e d e 
la vie dont p&tissent les individus de ces deux classes. On pourra 
en attribuer la cause au fait qu'ils ne possedent pas le facteur C; nous 
avons d6]k vu, k diverses reprises, que ce facteur apporte un renforce- 
ment des potentiels vitaux. 

Nous reviendrons dans nos Conclusions generales sur 
I’usure de la vie des genotypes recessifs. Pour 
rinstant, nous nous bornerons k souligner que, si nous avons pu en 
conserver des exemplaires, e'est gr&ce k des croisements et k des soins 
particulierement appropries, sans lesquels ces deux classes auraient, 
depuis longtemps, disparu de nos eievages. 

La proportion sexuelle(Fi x Fj == 0.90 : 1 ?) 

Nous avons signaie quelles etaient les raisons (destruction des 
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morts-ncs par lour parents) qui se sont opposees a une exacte determi¬ 
nation de la pn)portion sexuelle. On en jugera d’apres les chiffres de 
la F 2 tels qu'ils sont figures au tableau suivant: 


P I'l provenant de 

1 N. 1 

! c? 


1 m.nds 

1 

J. P. aperea ! 

iFz 




$ cob. 820 . 

36 

18 

16 

2 

$ cob. 834 . 

60 

29 

16 

15 

$ cob. 678 . 

S.hyh. 22 

113 

54 

29 

30 

$ cob. 263 . 

32 

14 

11 

7 

7 $9 cobaya di verses . . 

73 

26 

29 

18 



141 

101 

72 


A part la descendance de la $ cobaya 820 qui nc comporte quo 2 
morts-nes et dont la proportion sexuelle est normale, on se rend compte 
que les pourcentages de morti-natalite sont trop eleves. N6anmoins, 
ces chiffres illustrcnt bien que la determination sexuelle n’a pas 
depcndu de I’intervention du <J.P. aperea. 

Les r^sultats des croisements cn retour vont nous orientcr. Pr^ala- 
blement, nous devons signaler que, sur un ensemble de presque 3000 
Cobayes domestiques non-apparent^s, la proportion sexuelle est res- 
sortie cn 1.04 J : If. 

Parmi les couples des croisements en retour, 4 n'ont pas eu de 
morts-nAs. Ce sont: 



j 


1 0 

1 * 

m.nds 

d'ej hyb. Fi X ? cob. 705 . 

1 

8 

2- 

0 

S3 .. Fi X $ „ 

777 . 

0 

3 

0 

33 „ Fi X ? „ 

724 . 

6 

4 

0 

33 F) X $ „ 

962 . 

6 

““20 ~ " 

5 

14 

0 

0 


soit une proportion de 1.43 : 1 centre 1.04 : 1 $ chez les cobaya 

en inbreeding, 

D'apr^s Tensemble des croisements en retour, la proportion sexuelle 
peut etre calcul^e en partant du princii)e que les taux de morti-natalit4 
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sent une inconnue que nous pensons poiivoir estimer, a d^faut de toute 
autre base d’appr6ciation, comme 4tant proportionnelle, 
respectivement, au nombre d*individus de chaque 
s e X e. En d^duisant du nombre des miles et des femelles les pour- 
centages de morts-nes qui leur sont affdrents, on obtient les resultats 
suivants: 


Tableait 39. — Proportion sexuelle dans les croisements en retour 


Nombre ck* 

morts-nes 

par portee 

N 


V 

m.nes 

o 

/o 

m.nds 

cJ 

V 

Prop. 

sexuelle 

0 

34 

20 

14 

0 



— 

1,43 : 1 

1 

46 

21 

18 

7 

17.7 

18.30 

14.82 

; 1.23 : 1 

2 

61 

25 

22 

14 

29.8 

17.45 

15.40 

1.14 : 1 

3-4 

22 

8 

4 

10 

83.^ 

7.34 i 

3.67 

1 2 : 1 


163 

74! 

~58 

~”31 

~ 





moyenne 1.45 cj : 1 ? 


La proportion sexuelle se trouve ainsi determinec on consideration 
du nombre des morts-nes par jx>rtee. 

Sur Ic memo principe, nous avons pu determiner la proportion 
sexuelle d'apres un ensemble de 949 individus des generations de se¬ 
gregation, repartis en quatre tyj^es de portees selon leur pourcentage 
respectif de morti-natalite ne depassant pas 3 morts-nes pas portee. 
Voici le result at de ces calculs: 


Tableau 40. — - Proportion sexuelle dans la segregation 


Nombre de 

morts-n<5s 
par portee 

N 

cJ 

? 

m.nes 

o/ 

y'O 

m.nes 



Prop. 

sexuelle 

3 : 9 

0 

241 

113 

128 

0 

— 

— 

— 

0.88 

: 1 

1 ’ 

305 1 

147 

136 

22 

7.7 

135.67 

125.53 

1.08 

: 1 

2 

240 

115 

95 

30 

10.4 

103.04 

• 85.12j 

1.21 

: 1 

3 

163 

65 

65 

33 

25.5 

48.45 

48.45; 

1 : 

1 


949 





moyenne 

1.04 

: 1 


31 


Genctica XXV 
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Si Ton se base seulement sur les 241 individus issus de portdes 
sans morts-n^s, on constate un exc^dent de femelles (0.88 : I). Toute- 
fois, I’ensemble des 949 individus se repartit en 1.04 (J : 1 9. qui 
est exactement la proportion realis^e chez 
I’e s p e c e cobaya, ce qui confirme notre interpretation que c*est 
Tapport des femelles cobaya dans la combinaison aperea x cobaya qui 
determine la proportion sexuelle. Dans la descendance des croisements 
en retour, I’excedent numerique est plus eieve en faveur des miles 
que dans les croisements directs. 

Tableau general de la proportion sexuelle 

c? $ 


Cobaya espece . . . 

. 1,04 

Classe cobaya en F 2 . 

. 1,05 

Total segregation . . 

. 1,04 

hybrides Fi . . . . 

. 0,90 

hybridesenF 2 . . . 

. 1,50 

Fi X cobaya .... 

. 1,27 


La proportion sexuelle moyenne chez Ic Cobaye domestique non- 
apparente (1,04 (J : 1 $) se realise egalement dans la classe cobaya de 
segregation, ainsi que dans Tenscmble des classes de segregation. On 
ne peut guere se baser sur les chiffres foumis par le croisement P. 
ap. y ? cobaya, qui sent trop faibles, mais on constate un fort exce- 
dent de males dans la classe hybride F 2 . On peut supposer qu'une 
mime augmentation aurait caracterise la Fj si elle avait ete plus nom- 
breuse. 

Les croisements en retour, avec des $ cobaya non-apparentees, ten- 
dent k creer une sex-ratio inlcrmediaire (1.27 : 1). On remarquera 
que la moyenne entre le taux de proportion sexuelle de cobaya (1,04 : 1) 
et celui de Thybride en F 2 (1.50 : 1) ressort en 1.27 (J : 1 $ qui est le 
mime que celui rialisi dans les croisements en retour. 

Nous en diduisons k nouveau que le taux de proportion 
sexuelle dipend de la mere et non du pire. 

Les proportions sexuelles dans les generations de segregation sont 
ressorties de la fa^on suivante; 
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classe cobaya CS 1,05 

,, hybrideCs 1,50 

,, nouv. cS 0,51 (J 

„ aperea cs 0,61 cJ 


1 $ (plus cJ) 
1 ? (plus (?) 
1 9 (minus (J) 
1 $ (minus (J) 


On constate ainsi que chaque classe possMe un taux de proportion 
sexuelle qui lui est particulier et qu’elle le transmet k ses descendants 
de meme formule, Toutefois, le total des generations de segregation 
ramene la proportion sexuelle au taux de I’espece cobaya (1256 cJ : 
1162cJ - 1.04 c? : 1 9). 


MAMELLES suppl^mentaires (polymastie) 


On sait que, chez les Mammiferes, les mamelles se presentent gene- 
ralement par paires, dont le nombre offre une grande variete suivant 
les esp^ces. Dans I’esp^ce humaine, il a ete observe des sujets qui 
avaient 3, 4 ou 5 mamelles (pol 5 anastie), pouvant egalement se ren- 
contrer dans le sexe masculin (gynecomastie). Chez les Humains, les 
mamelles suppiementaires ne sont pas forcement reparties dans la re¬ 
gion pectorale, mais, parfois, dans d'autres parties du corps comme le 
dos, la region inguinale, les aisselles. 

Certains Mammiferes (Juments, Brebis) ne possedent qu*une 
paire de mamelles, tandis que chez d’autres (Truies, Chiennes, etc.) ces 
organes sont repartis en plusieurs paires situees plus ou moins syme- 
triquement de chaque c6te d*une ligne medio-vent rale. Des mamelles 
suppiementaires ont ete discemees par Miss Sollas (15) chez le Co- 
baye domestique et par Graham Bell chez la Brebis, qui normale- 
ment n*en possedent qu’une paire. 

Dans la descendance de notre croisement interspecifique, il s’est 
presente trois lignees genetiques, dont une tr^s nombreuse, dont les 
representants possedaient des mamelles suppiementaires en quantite 
variable, inserees par paires ou en nombres impairs, allant de deux 
jusqu*^ sept; nous n'avons constate la presence de quatre paires que 
chez trois sujets. Elies sont reparties de chaque cote de la face ven- 
trale le long d’une ligne qui, partant de I'emplacement des mamelles 
normales se prolonge, vers les aisselles, k peu de distance de la limite 
exteme du ventre (photo 16). 

Saris tenir compte des mamelles normales, les suppiementaires ont 
ete trouvees reparties aux territoires suivants: 
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a. mamelles inguinales 

b. ,, abdominales (super-normales) 

c. ,, m^dio-centrales (region stemale) 

d. „ pectorales 

e. „ aisselles 

En outre, il a 6t6 enr^gistrd 3 Cobayes ayant un faible mamelon sous 
le cou, qui a cependant disparu dans la descendance. 

Quant a Torigine de I’apparition de mamelles suppl^Jmentaires 
dans notre materiel, nous ne pouvons guere la preciser. Etant donne 
qu'il est particuli6rement difficile d’en discerner la pr6sence a cause de 
r6paisseur du pelage ventral, nous n'en remarquimes aucune chez le 
<J.P. aperea, ni chez les hybrides Fi, pas davantage chez les femelles 
Cobay a ayant servi dans la reproduction. Le premier cas fut observe 
dans la descendance de Tun des croisements en retour. Depuis lors, el- 
les sont apparues dans trois lign^cs distinctes: 

La lignee I, descendant du croisement d'un hybride Fi parhy- 
bride Fi, fit apparaitre 10 individus porteurs de mamelles siipplemen- 
taires et 8 normaux. 

La lignee II, issue du (J.hyb. 22 et de deux femelles cobaya 
non-apparent^es, no. 548 et 714 produisit, en une seule generation, 
9 porteurs et 8 normaux. 

C'est dans la Lignee III que fut aper 9 ue pour la premiere fois, le 4 
mars 1928, la presence d'unc mamelle suppiementaire chez une $ s^- 
greg^c no. 277 provenant du croisement effectue le 6 aout 1927 du J 
hyb. Ft no. 2, avec une $ cobaya nomapparentee no. 656. Cette lignee 
fit ressortir, en 4 generations, 98 porteurs et 48 normaux. 

Les lignecs I et II se presentent d’une maniere toute differente de 
la lignee III, en ce sens que les mamelles suppiementaifes y sont r u- 
dimentaires, en forme de mamelons, tandis qu'elles sont ge- 
neralement bien conformees dans la lignee III. En outre, elles sont, 
sauf dans deux cas, localisees aux territoires b et c et sont souvent re¬ 
presentees par une mamelle impaire; il ne se trouve jamais plus d’une 
paire suppiementaire sur le m^me individu, alors que dans la lignee III 
elles peuvent se repartir dans les cinq territoires. On est ainsi amene a 
considerer que les lignees I et II sont d'une constitution bien differente 
de la lignee III et qu’elles ont une autre origine. Lorsque nous aurons 
distingue la divergence de repartition territoriale entre les mamelles 
rudimentaires et les mamelles bien developpees, nous aurons une 
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premiere orientation sur Torigine respective des unes et des autres. II 
nous faut done les analyser s^par4ment, sur la base du croisement 
ancestral dont elles proviennent. 

Tableau 41. - - Expose des chiffres ohtenus dans chaque lienee 

O O signifie absence, soit Cobaya normal 
,, repartition par paires 
0 1- ,, mamellesimpaires. 

a, b, c, d, e territoires 

O O GD 

C? 9 C? I 9 

Lienee /. ^ hyb.Fi no. 2x $ hyb.Fi no. 3 ((; O x 0 O) I 


M generations de ». 4e g^ner. 

4 

3 

1 c -0 

lb -bed 





1 be - 1 be 



1 


1 cd - 1 cd 





3 be ~ be 

5e gen 6 r. 

1 



1 bo-b 





2 b -0 


5 

3 


9 

Lv^nee //. ^ hyb.22 x ^9 cobaya 546 ct 714 





(00 X o 0 ) 





U‘ gener. 

1 


1 bed- be 

1 c - O 


2 


1 bc-bc 

1 be - be 


1 

2 


1 c - 0 





2 b - 0 





1 be - 0 





1 c - c 


4 i 

2 

2 

7 

hyb.Ff no. 1, { 0 0 ) k $roba 5 -a 6 S 6 

norm. 

porteurs 

1 

numeros dc controle 

(0 0 ) 

O 0 

(?9 

cJ9 

dc! la descendance 

1. hyb. 1x 9656 

2 

6 



2, 543 0 O X 407 0 0 

2 

7 

543;407; 

487 

3. 615-|~0 X 615-1—f- 

6 

11 

615 


4. 746 4" F X 749 0 0 

3 

4 

746, 749 


5. 818-i"-}- X 818-)--4- 

3 

4 

818,987,937 

6 . 987 4- X 937 + + 

5 

13 



<J Cobaya 853 ( 0 0) x 9 487 ( 4 -f) 





7. ~ — 

7 

21 

580 


8 . 580-4-4 X 580 4- F 

6 

20 

885 


9. 580 4- 4- X 885 0 0 

8 

4 

677, 673 


10. 677 4-4- X 673 0 0 

3 

4 

822 



11. 677 4-4- X 822 0 0 3 4 


48 


98 
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Tableau 42. Lignee III. Repartition des combinaisons de mamdles 
suppldmentaires provenant de chaque croisement 


1. 

O 0 

X 

GO 

c-bcd; b-c 

2. 

O 0 

X 

0 o 

b-0; b-b; c-c 

3. 

4- 0 

X 

4 4 

c-c; d-d; d-c; cde-cde; e~e; d-b; b-e; c- 0 ; bcde-cde 

4. 


X 

oo 

b- 0 ; c~ o ; cd-c; ce-cde 

5. 

+ 4 

X 

44 

c-’C; cd~cd; bcd-bd; 

6. , 

, +4 

X 

4 4 , 

0 -d; bc-bc; bd~bd; abd-abd; de-de; 

7. 

0 0 

X 

0 0 

abd-abd; bd-bc; bd-bd; cd-cd; cd-c; abc-bcde; cde-cde; bcd-bcd; 

8. 

44 

X 

44 

cd-cd; c-c; bee -bee; bed-bed; bde-bde; bede-bde; cde-cde; 

9. 

4 4 

X 

0 0 

c- 0 ; b-c 

10. 

-1 4 

X 

o o 

b-c; bc-b<'; 

11. 

44 

X 

0 0 

c- 0 ; b- 0 ; b-d 


Examen des chiffres 

Nous r6p6tons que les lign^es I et II n’ont fait apparaitre que des 
mamelles suppl6mentaires rudimentaires. 

La lign6e I a consist^ en un croisement hyb. Fi x hyb. Fi. II s'est 
6coul6 trois generations de normaux avant que soient apparus des Co- 
bayes porteurs; la derniere generation semble marquer la dominance du 
caractere pol}Tnaste, mais le petit nombre de chiffres ne precise rien. 

La lignee II est celle d'un croisement hetero-homo, en retour. 
Elle a donne 6 normaux: 9 jx)rteurs, ce qui ne precise pas grand'chose 
non plus. Conformement a la regie des croisements en retour, des Co- 
bayes porteurs sont apparus des la premiere generation. 

Si Ton consulte la repartition des combinaisons de mamelles suppie- 
rnentaires dans les lignees I et II, on remarquera que ccs productions, 
a part deux cas, ne depassent pas la double paire et sont localisees 
aux territoires qui avoisinent celui des mamelles normales. 

II apparalt ainsi que la production de mamelles suppiemcntaires 
dans les lignees I et II, localisees le plus sou vent dans le voisinage des 
mamelles normales, soit de nature k donner quelque indication sur 
Torigine de ces malformations, si Ton compare les resultats de ces 
lignees avec les productions de la lignee III qui, generalement, sont 
toutes bien constituees et reparties sur Tensemble des territoires. 

Dans les lignees I et II, la production de mamelles suppiemen- 
taires rudimentaires dans le territoire des mamelles normales semble 
indiquer qu*elles deriveraient de ces demieres et n*e n s e r a i e n t 
q u'u ne deformation reduite. Le fait que leur persistance 
n'a dure qu'une et deux generations et qu’elles ne se sont pas renou- 
veiees, peut etre interprete comme marquant un etat passager 
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ddfectueux, producteur de ces excroissances 
ayant atteint les i n d i v i d u s de deux ou trois port^es, mais non 
les parents de ces port^es. Ce seraient des malformations individuelles. 

Tandis que dans la lignde III, la persistance durant quatre genera¬ 
tions de mamelles suppiementaires bien conformees, isoiees ou distri- 
buees en paires, reparties sur I’ensemble des territoires, prend une sig¬ 
nification particuliere du point de vue genetique et assure a ccs pro¬ 
ductions un caractere d’autononiie. 

Au territoire e, (sous les aisselles) il est vrai qu'elles apparaissent 
plut6t sous forme d^ebauches, presque de rudiments. Mais si Ton consi- 
dere qu’clles s’y trouvent chez les memes sujets qui en possddent ail- 
leurs, et de bien conformees, on recconnaitra qu*elles font partie du 
systeme general. Quant aux inguinales (a) elles n'apparurent que chez 
quatre femelles, egalement sous forme de rudiments. 

Aux territoires b, c, d, les mamelles suppiementaires etaient gene- 
ralement bien constituees, dans les deux sexes, et repondaieiit bien a 
la definition du terme mamelle. II a ete note que plusieuVs d*eijtre elles 
avaient ete t i r e e s par les jeunes, chez les miles egalement i) et 
qu’elles semblaient fonctionnelles. On jugera, d’apris le tableau sui- 
\'ant, de la diversite de distribution des combinaisons realisees. Notons 
Ic fait interessant qu'il s’est forme, i deux unites pr^s, autant de ma¬ 
melles suppiementaires a gauche qu’a droite; nous aurons a revcnir sur 
cette question. 


Tableau 43. Lignee III. — Nomhre de fois que chaque combinaison a 

ete realisee 
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La lignee III procfede d*un croisement en retour Fi x cobaya. On 
aura remarqud que les mamelles supplementaires y sont apparues dte 
la premiere g^ndration qui suivit celle du croisement initial, ce qui est 
conforme aux resultats d’un croisement h6t^ro-homo. Pour ce qui est 
de rdgalit^ num^rique qui doit exister entre les deux antagonistes, la 
repartition globale la determine de la fagon suivante; 



$ 

^ o+ ? 

c? + + ? 

oo 

G 

D 

G 

D 

25 

23 

34 

36 

50 

48 


autrement dit, sur 216 individus composant cette lign6e, il est ressorti, 
a deux unites pres, autant de mkles que de femelles non-porteurs et 
parmi les porteurs, autant de cas a gauche qu*a droite. Ces propor¬ 
tions, ajout^es a celles du precedent tableau situent la position des 
normaux vis-4-vis des anormaux. 

On pourrait d^duire des chiffres de la lign6e III que le car act fere 
polymaste ressortirait comme dominant par le fait que sa supferiorite 
numferique a pu etre remarqufee k chaque gfenferation (tableau 43). 

Cependant, les rfesultats du classement par croisements de memo 
nature justifient une autre interprfetation: 



non-porteurs 

porteurs 

proportion por¬ 
teurs 

oo X OO 

4 

13 

3,25 k 1 

+ + X + + 

14 

37 

2,70 k 1 

OO X f + 

24 

37 

1 

1.50 4 1 

> . 


On voit que la dominance ressort dans des proportions proches 
d'un monohybrisme en 3 : 1 aussi bien en faveur des normaux que des 
porteurs. Dans le cas normal x porteur, qui peut s'homologuer k un 
croisement en retour, la proportion obtenue (1.50 : 1) pourrait re- 
prfesenter la proportion moitife/moitife rfeglementaire. D'aprfes ces chif¬ 
fres, on entrevoit qu*un systfeme d'hferfeditfe mendelienne relierait les 
deux antagonistes. 

Seulement, on peut se rendre compte que cette interprfetation, 
basfee sur des totalisations de chiffres, ne reprfesente p>as la rfeahtfe. Ces 
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totalisations doivent attirer notre attention sur le c6t4 g^n^tique de 
la question, car elles vont nous apprendre que, si la production de ma- 
melles suppl^mentaires semble h^r^ditaire, du moins ne I’est-elle que 
temporairement, 

Le tableau 42 donnant la repartition des mamelles supplementaires 
provenant de chaque croisement, montre d'abord que telle combinai- 
son realisee a une generation, ne se reproduit pas k la generation sui- 
vante en une combinaison semblable. On reconnait que c’est seule- 
ment le caractcre general de porter des mamel¬ 
les supplementaires qui s'herite, independamment 
de la fa^on dont elles sont distribuees; celles -ci se torment par I'inter- 
vention d’un facteur actif ct apparaissent dans telle partie du ventre 
qui est en etat de les developper soit, en unites, en simples paires ou 
en plusieurs paires a la fois, d'une manicre symetrique ou asymetrique, 
selon retat de conditionnement des diverses regions du ventre. 

Le mode de transmission temporaire (durant quatre generations) est 
etabli par le tableau suivant: 


Tableau 44. Classement des mamelles supplementaires produites, par 

generations 



normaux 

portcurs 

total 

proper. 

1 

p. OO X oo. 

2 

6 

8 

5.47 % 

Generation 11 





oo X oo. 

2 

5 



+ 0 X ++ . 

6 

10 



OO X ++. 

1 

20 



+ + X ++ . 

6 

20 

70 

47.94 % 

Geniration III 





OO X OO. 

10 

7 



OO X ++ . 

3 

4 

49 

33.50 


8 

17 



Generation IV 

no X 4-4-. 

10 

9 

19 

13.03% 


Nous devons faire remarquer que le nombre des parents utilises k 
chaque generation, ne comprend qu'une faible partie de ceux qui sont 
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nes. Neanmoins, les proportions num6riques calcul^es montrent net- 
tement une notable.d^croissance de la produc¬ 
tion, k partir de la g6n6r. II, la plus lorte production apparaissant 
k la seconde g^n^ration et diminuant ensuite graduellement i). 

Le tableau suivant nous apporte un fait int^ressant, k savoir que 
les trois types de croisements de meme nature, normaux x normaux, 
normaux x porteurs et porfeurs x porteurs, ont reproduit, k une 
unit^ pr^s, le m6me nombre de porteurs doubles 
(++), un nombre variable de porteurs mixtes (0+), lequel diminue 
en raison inverse du nombre des + -f qui sont entr^s en action: 


Tableau 45. Repartition des mameUes supplimentaires par croisements 

de meme ncUure 



OO 

o+ 

++ 


N 

/o 

N 1 

0/ 

1 

N 

0/ 

/»> 

OO X oo 

16 

10.95 

8 

5.47 

24 

16.43 

48 

OO X + + 

16 

10.95 

6 

4.11 

25 

17.12 

47 

+ 4- X + + 

10 1 

6.85 

2 

1.35 

24 

16.43 

36 

+ 0 X + + 

6 

4.11 

3 

2.06 

6 

4.11 

15 


48 


19 


79 


149 


Ces chiffrcs situent les modalit^s de formation des mamelles sup- 
plementaires, en ce sens que ces formations ne ddpendraicnt 
pas d'une h^r6 dit^ proprement dite. Si Toperation 
no. 4 (0+ X ++) semble etre le r^sultat d'un croisement h^tdro- 
homo, ce qui pr^jugerait en faveur d’un schema menddlien, les r6- 
sultats des 3 premiers croisements demontrent le contraire. On se rend 
ainsi compte que la lignde III se trouverait dans un 6tat d^fectueux 
passager, oil se serait manifest^e une exag^ration de malformations, 
sous Teffet d'une action ne dependant pas de Texistence de g^ncs 
particuliers. Les mamelles supplimentaires se- 
raient done des somations; leur existence marquerait 
une piriode de dificience organique. 

») A r^poque de la quatri^me g^n^ration, une grave dpidimie de tuberculose 
mit fin k I’existence de cette lign^e. En sorte que T^tat hiriSditaire temporaire 
n'est pas absolument prouv^. 
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La production de mamelles suppl^mentaires, que nous avons vu sc 
r^aliser atitant de fois chez les m^les que chez les femelles, constitue 
un cas d'intersexualit^ remarquable, bien d^fini, 
form^ dans une famille issue d*un croisement intersp^cifique. Dans le 
chapitre suivant, nous aurons k examiner Texistence et les rapports 
entre eux de plusieurs cas d'intersexualit^ i) qui se sont produits 
dans des families apparent6es. Auparavant, nous pensons utile de 
r^sumer les faits qui ont accompagne la formation de ces cas d'inter- 
sexualite marques par la production de mamelles supplementaires 
dans la lign^e III. 

Conclusions du chapitre 

On aura vu, d*apr6s ce qui precede, que Tapparition de mamelles 
supplementaires ne procede d'aucun systeme genetique bien defini. 
Le caract^re n’est ni dominant ni recessif; il est apparii comme mar- 
quant un etat passagcr de deficience organique dans un groupe de fa¬ 
milies de meme origine, issues les unes des autres. 

II est vrai que le croisement originel: $ hyb. Fi (OO) X $ cobaya 
(OO) a d'embiee fait ressortir la production du caracterc, comme cela 
sc doit dans un croisement en retour. En totalisation, sa repartition 
par egalite numerique entre portcurs et non-porteurs et entre cote 
droit et cote gauche, pouvait se rapporter aux chiffres d’un croise¬ 
ment h<^t6ro-homo. C’cst le seul symptome pouvant etre considere 
comme ayant une appartenance g^n^tique. Tandis que, d'apr^s Tcn- 
.scmble des autres operations do croisement que relate ce chapitre, 
nous avons enregistre de serieux cas qui militent en faveur de Texis- 
tcnce d’un systeme de transmission du caractdre qui ne s’apparente 
pas k un systeme d’h^c^dite proprement dite. 

II faut se reporter aux chiffres du tableau 41 (p. 485) pour en trouver 
une preuve. Les chiffres de ce tableau montrent bien que le caractere 
se reproduit de parents k descendants {selon des proportions qui n’ont 
rien de mend^lien), mais on remarque que les parents, q u'i 1 s 
soient porteurs du caractere ou non, ont une des¬ 
cendance k peu pr^s semblable en ce qui conceme la possession de 
mamelles supplementaires ou le fait d’en fitre d^pourvus. Un examen 
plus approfondi nous apporte le sens r^el de ce phenom^ne comme si- 

1) GuviNOT et WiETZYKowsKA oiit Fanatomie et I’histologie de quel- 

ques-uns de ces cas (cf. 2). 
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tuant un 6tat passager, durant lequel des mamelles 
suppl6mentaires se formeraient quelque peu- 
au hasard chez tous les individus dont la con¬ 
stitution cutan6e ventrale serait apte k en 
fixer la production; cette formation n'a pas de raison 
d'etre chez les individus non-porteurs, ceux-ci se trouvant dans un 
etat normal de constitution ventrale. 

Rappelons que notre materiel est fonci^rement hybrid^ et que les 
generations de segregation ont fait apparaitre une grande variete 
de conformation intime de la charpente osseuse (v. p. 280). II est done 
admissible de penser que Tune de ces variantes touchant a la confor¬ 
mation ventrale aurait eu une repercussion sur Ic systeme cutane, 
dans un groupe de families apparentees, pour creer un etat par- 
ticulier, propice au developpement de mamelles suppiementaires. 
Ce phenomene, ayant son origine dans les combinaisons d'un croise- 
ment interspecifique, aurait disparu avec rextinction dc la lignee III. 

On reconnaitra que les resultats du classement de la production de 
mamelles suppiementaires par generations (tableau 44 p. 489) et la re¬ 
partition des mamelles suppiementaires par croisements de m^me na¬ 
ture (tableau 45 p. 490) autorisent egalement notre interpretation de 
Texistence d’un etat defectueux passager oil se serait manifestee une 
exageration de malformations sous Teffet d’une action d’ordre morpho- 
logique. 

La production de mamelles suppiementaires rudimentaires dans les 
lignees I et II sera commentee dans le chapitre suivant. 

Les Cobayes domestiques porteurs de mamelles suppiementaires de Miss 

Sollas 

En 1909, Miss Sollas (15) a repere dans son materiel de Cobayes 
domestiques plusieurs individus porteurs de mamelles suppiementaires 
qui sont apparues en divers degres de developpement, depuis la forme 
d*un simple mamelon jusqu’ii celle d'un organe fonctionnel avec te- 
tine; elles existaient aussi bien chez les males que chez les femelles. 
Normalement, le Cobaye domestique poss^de une paire de mamelles 
inguinales; les sujets polymastes provenaient de families normales. 

Nous donnons comnie suit la repartition resumee des mamelles sup¬ 
piementaires du materiel de Miss Sollas, en adaptant ses chiffres k 
la nomenclature que nous avons adoptee. 
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Tableau 46. — Ripartition des mamelles supplementaires cJtez les 
Cobayes domestiques de Miss Sollas 


Parents 

gauche -fo 

droite o-f 

paires -f- -I- 

normaux oo 

+ + X ++ ... 

— 

. __ 

3 

3 

++ X +0 ... 

1 

1 

3 

11 

++ X 0+ ... 

2 


2 

3 

+ 0 X +-|- ... 

2 


2 

8 

0+ X ++ . . . 

— 

— 

1 

1 

+ 0 X OO ... 

3 

1 

2 

25 

0+ X 00 ... 

-- 

— 

— 

29 

+ + X OO ... 

4 

— 

2 

37 


12 

2 

■'Ts 

117 


Ce qui irappe, c’est le petit nombre de sujets n6s porteurs du carac- 
tire (13%) comparativement aux normaux des mimes families. Ces 
productions se sont formies soit seulement a droite (04) ou a gauche 
(4 O) en paires (44). Dans les cas de mamelles impaires, il s*en 
trouve davantage a gauche qu a droite. Miss Sollas n’a jamais ob¬ 
serve la presence de plus d'une paire supplementaire. Du point de vuc 
genitiquc, on constate que des sujets porteurs de mamelles supplemen¬ 
taires pcuvent redonner des normaux et que les normaux peuvent 
redonner des porteurs. Le caractere n'est ni dominant, ni recessif ; 
il n'a pas it6 trouve qu'il fut viritablemcnt hereditaire. 

Dans I’ensemble, sur 146 individus composant les lignees des Co¬ 
bayes polymastes de Miss Sollas, il s'est trouvi 29 porteurs et 117 
non-porteurs. A titre de comparaison, nous risumons ensemble les 
resultats produits par les Cobayes domestiques et ceux de notre croise- 
ment interspecifique: 
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Tableau 47 



Croisements entre | 
cobayes domestiques 

Croisement intersp^- 
cifique 

porteurs 

non-por- 

teurs 

porteurs 

non-por- 

teurs 

norm, x norm. 

— 


32 

16 

norm, x porteurs .... 

12 

91 

31 

16 

port. X port, (pairs) . . . 

3 

3 

26 

10 

port. X port, (impairs) . . 

14 

23 

9 

6 


29 

117 

98 

48 


19,86% 

80.14% 

66.58% 

33.42% 


proportion sexuelle 



d 

? 


? 

porteurs. 

11 

18 

50 

25 

non-porteurs. 

63 

54 

48 

23 


74 

72 

98 

48 


1.02 

‘ : r? 

2.04 3 

: 1? 


On remarque done que les r^sultats obtenus par Miss Sollas ne 
sont pas comparables aux n6tres. Les principaux points sur lesquels 
ils different sont: 

1. Le renversement de la proportion entre 
porteurs et no n-p o r t e u r s, les premiers, dans nos lign^es, 
4tant en beaucoup pins grand nombre que les seconds,^ tandis que, 
dans le materiel de Miss Sollas, ce sont les non-porteurs qui accusent 
le plus fort chiffre. Ce point est int^ressant; il semble marquer la 
dominance du caract^re dans la lign^e intersp^cifique et sa r6cessivit6 
dans celle des Cobayes domestiques. 

2. La proportion sexuelle. On constate bien Tigalit^ 
numerique gte^rale (74 cJ •* 72 ?) dans le materiel de Miss Sollas, de 
m^me que dans le ndtre (109 cJ : 107 $). Seulement e'est la repartition, 
selon les divers types de croisement, entre porteurs et non-porteurs qui 
accuse une dissimilitude complete: Dans le croisement interspecifique, 
les sexes ressortent en egalite numerique aussi bien chez les porteurs 
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que chez les non-porteurs, tandis que dans le cas dcs Cobayes domesti- 
ques les femelles dominent dans la classe des porteurs, alors que ce 
sent les males qui dominent dans celle des non-porteurs. 

3. En ce qui concerne la production paire ou im- 
paire des mamelles, il faut se reporter aux r&ultats de notre 
lign^e III, dans laquelle les mamelles sont allies jusqu'a 3 paires (3-4) 
sur un m^me individu, tandis que Miss Sollas n'a jamais constat6 
la formation de plus d'une paire. La repartition dcs mamelles, dans son 
materiel, se rapproche, en somme, davantage de la repartition telle 
qu'elle se presente dans nos lignees I et II. 

II est d'ailleurs difficile d'etablir unc comparaison, puisque nos 
chiffres proviennent de deux croisements initiaux normaux x nor- 
maux, type de croisement que n'a pas realise Miss Sollas. 

D*autre part, du j)oint de vue genetique, on ne se rend pas bieii 
compte des modalites de formation du caractere. D'apres les resultats 
du croisement interspecifique, tels qu'ils se presentent dans nos lignees 
I et II, la production de mamelles rudimentaires reste localisee dans le 
territoire des mamelles normales; elles semblent deriver de ces demie- 
res et n'en seraient qu'une formation reduite. Les resultats de la 
lignee III etablissent que ce serait seulement le caract^re general de 
produire des mamelles suppiementaires qui s’heriterait, independam- 
ment de la fagon dont elles sont distribuees; celles-ci se formeraient 
par I’intervention d’un facteur actif et apparaitraient dans telle partie 
du ventre qui serait en etat de les developper. Les Cobayes non-por- 
teurs, chez qui la constitution de Tepiderme ventral est normale, 
n’ont pas lieu de produire des mamelles suppiementaires. 

Dans le materiel de Miss Sollas, par le fait qu*elles ne d^passent pas 
la paire, les mamelles suppiementaires sont forc^ment localisees; il 
semble qii elles se presentent comme dans nos lignees I et II; elles 
n'observent en tous cas pas une distribution generalisee 
comme e’est le cas dans notre lignee III. Et de cette constatation on 
pent deduire la veritable raison des differences entre les resultats des 
deux materiels. 

Les Cobayes domestiques ont vraisemblablement tous la rndme 
structure 4pidermique ventrale, tandis que parmi les descendants de 
notre croisement interspecifique, comme nous Tavons d6]k dit, les 
generations de segregation ont fait apparaitre une grande variete de 
conformation de la charpente osseuse. Il est admissible d’envisager que 
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Tune ou I’autre dc ces variantes aurait eu une repercussion dans le 
systeme cutane, dans un groupe de families apparentees, pour creer 
un etat particulier propice au developpement de mamelles suppl^men- 
taires. Ce phenomene ayant son origine dans les combinaisons d'un 
croisement interspecifique montre que ces formations se 
seraisent produites sous Teffet d’u nc action 
morphologique. Tandis que le materiel dc Miss Sollas etant 
forme de Cobayes domestiques de constitution dermique normale 
n etait pas en mesure d*avoir pu developper des mamelles generalisees. 

Polymastie et Polydactylie 

Miss Sollas a emis Tidee que le mode d’heredite de mamelles sup- 
piementaires serait quelque peu comparable a celui de la polydactylie. 

Nous ne trouvons dans ses chiffres et dans les ndtres aucun indice 
en faveur d'une telle supposition. L'hereditc de la polydactylie est ex- 
tremement compliquee. T1 faut se reporter a notre travail: Forma¬ 
tion de la polydactylie et son mode d'h 6 r e d i t 6 
chez les Cobayes domestiques (14); on n'y trouve rien qui approche 
des r^sultats concernant la production de mamelles suppl^mentaires, 
surtout chez les Cobayes de Miss Sollas qui proviennent de Cobayes 
domestiques, pas davantage que chez les notres, qui sont issus d'un 
croisement intersp&ifique. 

Le mode de formation de la polydactylie consiste dans Tunion de 
deux gametes, porteurs chacun d'un facteur d'intensit6 het^rozygote 
different et d'un facteur conditionnel h^t^rozygote commun; une tois 
form6e, la polydactylie s'herite en trihybridisme mend^lien, les poly- 
dactyles etant r^cessifs par rapport aux normaux s6gr6ges bi- et tri- 
dominants. 

Si, selon les chiffres de Miss Sollas, la proportion des* normaux par 
rapport aux porteurs de mamelles suppl6mentaires 6tablit la r^cessi- 
vit6 du caractere, nos chiffres 6tablissent, au contraire, sa dominance. 
Chez les Cobayes de Miss Sollas la production des normaux par rap¬ 
port aux porteurs ressort en 2.46 normaux pour 1 porteur; dans 
notre materiel, elle ressort en 4.89 porteurs pour 1 normal. Ces 
chiffres ne peuvent en aucune fagon se rattacher k la proportion de 
1 polydactyle pour 15 normaux, qui devrait 6tre r6alis6e. 

Nous ne voyons done pas que rh6r^dit6 de la production de mamelles 
suppl6mentaires soit de meme nature que celle de la polydactylie. 
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CHAPITRE SIX 

STfiRILITfi- INTERSEXUALITfi ET VIRILISME 

Nous avons vu dans les chapitres precedents que le croisement inter- 
specifique a introduit dans la descendance des facteurs nouveaux de 
croissancc, de vitalite et de fertilite qui ont etc, au cours des gene¬ 
rations, Tobjet d’une segregation. Nous avons enregistre, dans les 
memes lignees qui s*etaient iait remarquer par la production de ma- 
nielles supplementaires, d'autres cas d’intersexualite ayant affecte les 
organes genitaux, et ayant conduit a la sterilite et au virilisme de plu- 
sieurs femelles et k la sterilite de plusieurs m41es. 

Ccs cas. au nombre de 69 femelles, se sont presentes dans la descen¬ 
dance de deux types de croisement bien definis: hyb. Fj x hyb. Fi ct 
Ft X cohaya non-apparentees. Nous avons ete heureux de 
pouvoir remettrc a M. le professeur GuyiiNOT et a Mme. Dr Dus- 
ZYNSKA-WiETZYKowsKA, 20 femellcs intersexuees a divers degres, 
dont ils ont pratique I’autopsie et decrit les organes genitaux dans leurs 
interessants travaux (cf. 2et 16). 

En outre, nous avons pu identifier, d'apres leurs caract^res exte- 
rieurs, 49 femelles dont la sterilite, congenitale ou secondaire, et Tetat 
de virilisme etaient exprimes par Thypertrophie du clitoris, pcniforme 
dans un grand nombre de cas, avec ou sans crochets peniens, la pre¬ 
sence d’epines cornees, une deviation plus ou moins accentuee de Tin- 
stinct scxuel, plusieurs femelles ayant des cycles oestraux trcs espaces, 
ou meme n'ayant pas de cycle oestral; quelques cas d'infantilisme se 
sont trouves parmi ces femelles. 

L'intersexualite ne s'est jamais rencontree chez les hybrides Fi, ni 
chez les individus de la classe de segregation cohaya (CS); elle a princi- 
palement affecte les individus des classes notiveaute (cS) et aperea (cs) 
qui, sous le rapport des caracteres morphologiques et de la taille, se 
rapprochent le plus du type spedfique aperea. A ce propos, nous de- 
vons faire remarquer que ces deux classes comportent des sujets ge- 
neralement de petite taille, comme c’est le cas de Tespece aperea \ on 
serait tente de les consid6rer comme 4tant des cas d'infantilisme, alors 
qu'il ne s'agit que de les segregation de la taille du type spedfique 
normal (photo 17). 

On sait que I'infantilisme n'a pas la meme signification que 

Genetica XXV 
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le n a n i s m e. Dans Tinfantilisme, ce sont les organes g^nitaux qui 
restent k Vitat infantile et ne se d^veloppent pas, ou se d^veloppent 
incompl^tement avec Vkge adulte. Guy^:not et Duszynska en ont 
autopsi^ plusieurs cas; la petitesse de taille n’est pas forc^ment as- 
soci^ k rinfantilisme. 

Toutefois, nous avons relev^ dans les generations de segregation 
des cas de nanisme caracterises, parfaitement developpes au point de 
vue genital et fertiles; ils se sont rencontres principalement dans les 
classes fusiformes, cS et cs, determines par la forme reduite de leur 
squelette. En revanche, des exemples de gigantisme se sont 
trouves dans les classes ovoides, Cs et CS, surtout parmt les hybrides 
de segregation, sans atteindre cependant la luxuriance des hyb. Fj. 
I-a lignee b^tarde hyb. Fi x hyb. Fi a foumi 46 femelles intersexuees 

Soit: 66.66%. 

LaligneecJcJhyb. Fi X $?co6ayaenafourni23 . . . Soit: 33.33%. 

On notera avec interet que la lignee b^tarde a foumi le double 
de femelles intersexuees que celle de la lignee ayant eu une femelle 
cobaya pour ancetre, ce qui marque Tinfluence, dans la combinaison, 
de Tesp^ce cobaya, 

A la Fi du croisement hyb. Fi x hyb. Fi est nee, une $ no. 143, 
agouti cendre, type aperea (numerotee 64 dans Touvrage de Guy^not 
et Duszynska) completement sterile, intersexuee. Cette femelle avait 
eu un fr^re 149 et une .soeur 1436 desquels sont issus, en plusieurs ge¬ 
nerations, les 46 femelles intersexuees de cette lignee. Pour ce qui est 
des 23 femelles intersexuees des croi.sements en retour, on notera qu*el- 
les ont eu le m^me mUle hybride comme ancetre. Aucune femelle in¬ 
tersexuee n'ayant ete remarquee en dehors de cette de.scendance, on 
reconnaitra qu'un groupe de facteurs conditionnant les diverses formes 
d'intersexualite s*est transmis dans le patrimoine hereditaire d*une 
lignee et s*est montre agissant dans certaines conditions. La sterility 
complete etant le plus sou vent le propre de I'intersexualite, on pent 
dire que les intersexuees de notre materiel se sont trouvees reparties 
dans deux seules lignees apparentees. 

Chacune de ces lignees comport ait, en outre des intersexuees, un 
certain nombre de Cobayes, miles et femelles, porteurs de mamelles 
suppiementaires, tris nombreux dans la descendance de celui des 
croisements en retour qui eut pour ancitre la femelle cobaya 656 (lignee 
III), qui fut celui qui produisit egalement plusieurs intersexues. On 
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peut juger ainsi de la parent^ g6n4tique 4troite qui a r^uni les pro- 
ducteurs des deux caractferes. 

La masculinisation des femelles sl 6t6 constat^e 
chez 61 sujets; il y a eu 8 femelles studies sans masculinisation. Voici 
le detail dans Tensemble: 


ovaires simplement kystiques, fertiles 


2 sujets 

*1 i» 

„ steriles 


4 „ 

clitoris hypertrophie, parfois fortement peniforme, fertiles 

18 

If If 

»» If If 

steriles 

7 

If If 

avec crochets 

fertiles 

18 

f 1 If 

sans crochets 

steriles 

8 .. 

If If 

n*ayant qu*un crochet 


4 .. 

wSans aucun signe de masculinisation. 

steriles 

8 


69 sujets 


En outre, 6 de ces femelles, steriles ou non, ont ^volu6 sans cycle 
oestral ou avec des cycles plus ou moins espac^s (voir chapitre 4). 

Instincts scxuels de femelles intersexuees 

On sait que si Ton r6unit dans une m^mc cage deux males et une 
femelle du Cobaye domestique, les deux males se livrent une violente 
bataille, en claquant des dents, sc mordant avec rage, sc causant Tun 
Tautre de profondes blessures ; il devient necessaire de les separer. 

Or, dans la descendance du croisement intersp6cifique, ce sont les 
femelles qui ont le temperament violemment belliqueux; elles ne told- 
rent pas la presence d'une compagne et doivent etre isolees, c'est tout 
juste si elles acceptent, an moment du rut, la presence d'un male. 
Les femelles non-interscxuees du croisement interspecifique font, en 
general, bon manage avec leur conjoint et se laissent couvrir le mo¬ 
ment venu. 

Tout different est le comportement des femelles intersexuees. L*etu- 
de de leurs instincts met en relief leur humeur tr^s combattive qui 
se manifeste par de violentes attaques contre le cobaye qui leur est 
donnc> que ce soit un male ou une femelle. 

Guy^not et Duszynska ont etudie plusieurs cas de reactions d'une 
femelle intersexuee vis-i-vis d’un partenaire: mise, alors qu’elle est 
en rut, en presence d*un male, la femelle repond k ses approches en se 
langant sur lui en claquant des dents et le mord k plusieurs reprises. La 
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femelle est plac6e ensuite avec une autre femelle en rut; die fait 
alors entendre le roucoulement caract^ristique des miles, prelude 
d'une violente bataille. II n'y a g^neralement pas d'essai d'accouple- 
ment, malgre quelques manifestations pr^liminaires. 

Lorsque, dans la cage ou ont lieu ces seines, se trouvent encore les 
petits de la pricidente portie, ceux-ci manifestent une grande frayeur 
et se tiennent blottis les uns sur les autres dans un coin ou cherchent 
a s’introduire sous la litiere. Le calme ne se ritablit qu'apres la separa¬ 
tion des deux antagonistes. On jugera, d'apres ces faits, des difficultes 
que nous eumes k surmonter, dans bien des cas, pour obtenir une des¬ 
cendance appropriee au but de nos recherches. 

Parmi les port^es qui ont donne les 69 femelles intersexuees, nous 
avons relevi un certain nombre d'individus presentant une infirmite 
organique, Ainsi, dans la lign^e bitarde, nous relevons 12 fois Texis- 
tence d’un mile ayant une tumeur d'aspect cancereux au rein ou au- 
tour des mamelles et 5 fois celle de miles et de femelles presentant un 
eczema de forme cancereuse, autour des yeux et des mamelles; un 
mile possidait un fort eczima sur tout Ic dos; en outre, le ventre itait 
devenu completement glabre. 

En general, ces infirmitis n'ont pas empichi ceux qui les poss6- 
daient de procrier une descendance parmi laquelle se trouvaient des 
intersexues. 

Nous relevons le cJ.226 (frire des $9 143 et 143ft) afflige d’une tu¬ 
meur cancireuse au rein et qui eut dans? sa descendance: 

5 intersexuies fertiles 

10 „ st idles 

3 ,, avec cycles oestraux irriguliers 

2 ,, sans aucun cycle oestral. • 

Nous relevons encore la $.862, intersexuie fertile ayant un fort ec- 
zima aux yeux et aux oreilles, qui eut, deux ginirations plus tard: 

4 intersexuies fertiles 

2 „ stiriles 

1 fille normale avec eczima giniralisi. 

Nous pourrions signaler d'autre cas semblables. 

On constate ainsi que, sur 69 femelles intersexuies, 37 (53.62%) ont 
eu dans leur ascendance, un ancitre, mile ou femelle, atteint de Tune 
ou Tautre de ces infirmitis; et l*on peut se demander si I’itat maladif 
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de ces ancfitres n'aurait pas agi sur les processus de formation de Tin- 
tersexualit6. 

Guy^not et Duszynska ont voue leur attention sur la st^rilit^ con- 
g^nitale et secondaire. Parmi les animaux atteints de st^rilit^ cong^ni- 
tale, ces auteurs ont eu k Texamen des femelles rest^es st^riles et qui 
Tavaient 6te jusqu*a un kge plus ou moins avance, par exemple jusqu’a 
6 ans pass^. Parmi les cas de sterility secondaire, il s*est trouv6 des 
femelles qui ont eu des petits pendant un ou deux ans et qui sont de- 
venues st6riles ensuite. Ces auteurs ont etudi6 en outre trois lemelles 
st6riles sans masculinisation. 

Males steriles 

Nous avons pu contr61er la sterility ou la fdcondite tres rdduite chez 


44 m41es, dont: 

26 dans la lignec Mtarde.=- 59.09% 

18 dans celle des croisements en retour.40.91 % 

parmi lesquels: 


5 ont procr^d seulement 1 ou d6ux petits 

2 sont devenus st6riles par suite d’abc^s aux testiculcs 

4 ont <5te traitds a Thypophyse sans r^sultat 

2 ont ete greff6s d’un testicule Stranger, sans rdsultat 

1 a eu le p^nis enti^rement evagine par suite d'inflammation. 

1 avec cryptorchidie partielle 

12 avec diverses infirmit^s, eczemas, cancers, sarcomes, liponies, etc. 

De m6me que chez les femelles dont il a et6 fait mention au chapitre 
precedent, de nombrcux m&les dtaient porteurs de mamelles supple- 
mentaires. 

En risume 

La lignde b4tarde et la lign^e du croisement en retour, qui se tien- 
nent par des liens de parente tres 6troits, ont produit dans leur des¬ 
cendance, de nombreux cas d'intersexualit6 s’etant manifestos de di¬ 
verses maniOres: femelles prOsentant trOs souvent des tumeurs aux 
ovaires, des m&les les prOsentant aux testicules. Dans les cas simples, 
la masculinisation des femelles Otait marquOe par Thypertrophie du 
clitoris, le plus souvent pOniforme, parfois se prOsentant comme un 
veritable pOnis. On a notO souvent Fabsence de crochets pOniens et 
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d*6pines, ou la presence d*un unique crochet, parfois rudimentaire. 
Plusieurs femelles ont eu des cycles vaginaux irr6guliers, souvent tres 
espac^s, d*autres ont 4volu6 sans aucun cycle vaginal. Un caractire 
frequent d*intersexualit4 fut marqu6 par Tinstinct sexuel m§le trfes 
prononc^ chez les femelles. Des cas de p^riode de rut saisonnier ont 
6t6 relev^s comme concourant k une forte diminution du nombre des 
port^es; c'est ainsi que des femelles n'ont mis-bas qu'une fois ou deux 
durant leur existence. 

A c6t6 de ces marques ext^rieures d'intersexualit^, Guy^not et 
Duszynska ont d^crit les modifications tr^s importantes des organes 
g^nitaux d*une vingtaine de femelles intersexu6es. 

Dans les m^mes families oh se sont rencontr^es des femelles inter- 
sexu&s, la pr&ence d’individiis porteurs de mamelles siippl6mentaires 
ou de tares organiques diverses fut constatde. 

Les cas d'intersexualit^ se sont rencontres principalement dans les 
classes aperea (cs) et nouveaute (cS), rarement chez les hybrides de se¬ 
gregation, jamais dans la classe cobaya (CS), ni chez les hybrides de pre¬ 
miere generation (Cs) i). 


CHAPITRE SEPT 

DISSOCIATIONS ANORMALES OU INCOMPLETES 
Caractires psychologiques 

Parnii les caracteres qui differencient nettement le Cavia aperea 
du Cavia cobaya, plusieurs sont du domaine psychologique. On sait 
que la mise en evidence de facteurs psychologiques se heurte k des in- 
connues qui rendent malaisec une analyse genetique. Si la determina¬ 
tion d'un caractdre psychologique est possible avec certitude lorsqu'il 
se manifeste dans son expression maximum, Tappreciation en devient 

1) D’autrds anomalies sont apparues dans la descendance de noire croisement 
aperea x cobaya sous la forme d'anophtalmie totale imm^diatement h^r^itaire 
(cf. 13). Cette mutation donna lieu, en outre, & de nombreuses malformations 
oculaires dont la descendance et I’^tude furent suivies pendant 14 ans, mais dont 
Tanalyse g4n4tique n'a pu fitre termined. — Cet important materiel a 4t6 
remis k la Clinique ophtalmologique de TUniversitd de Gendve (Dir. Prof. 
Franceschetti) oil se poursuivent les recherches (Dr. Vera Bischlbr). Tous 
les documents concemant ces lign4es sont restds k la Station de Zoologie F.xp4- 
rimentale de rUniversit4 de Genfeve (prof, GuyAnot). 
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fort douteuse dans son expression minimum. Entre ces deux extremes, 
il se pr^sente des d^gr4s interm^diaires d'intensit^ dont il est risqu6 
de dire s'ils se classent dans le sens positif ou n^gatif. Dans ces condi¬ 
tions, toute analyse g6n4tique exige une grande circonspection. 

Un certain nombre de caract^res psychologiques ont ^t^ relev^s 
dans le patrimoine h^r^ditaire du ^.P. aperea qui peuvent s'opposer 
au comportement de Tespece cobaya et dont la presence a ^t^ nette- 
ment constat6e dans la descendance. 

Avant d’en tenter Tanalyse, il convient de rappeler qu’un seul 
ni^le aperea figure comme anc^tre de notre croisement avec des 
femelles du Cobaye domestique et que le croisement r^ciproque, c'est- 
4-dire celui qui aurait consiste k unir un m&le de cobaya avec des 
femelles A*aperea, n'a pas r6alis4. 

Nous sommes ainsi amenfe k consid^rer que si, en opposition k un 
caract^re psychologique apporte par aperea, son all^lomorphe existe 
chez cobaya, c'est uniquement par des femelles de cctte esp^ce que la 
combinaison a eu lieu. Il €tzit important de faire cette reserve avant 
r^nonce des etudes qui vont suivre. 

Agiliti et vivaciU 

Un caract^re qui semblc commun a tous les Cobayes sauvages et qui 
se place en nette opposition chez le Cobaye domestique, r&ide dans 
leur extreme agility et la vivacity de leurs mouvements. Chez aperea 
ce caract^re s'est montre a un haut degr6 d'expression, qui se traduit 
par Texecution de bonds et de sauts en hauteur. L*anc^tre, le (J.P. 
aperea, lorsqu il nous tut amene, 6tait, ainsi que a6ja dit, ^g^, maladif, 
souffrant d'un accident k Toeil; aussi ne manifestait-il que mod^r^- 
ment le caractere en question. Mais on peut admettre qu'il en poss^- 
dait quand m^me les facteurs si Ton en juge d'apr^s le comportement 
de la femelle aperea durant les quelques jours qu'elle vecut dans notre 
laboratoire. Lorsque, du fait d'une malheureuse inadvertance d'un 
jeune gargon de laboratoire elle s'echappa de sa cage, nous la vimes 
faire un premier bond en longueur qui la conduisit dans le jardin par 
la porte ouverte et, de \k, franchir d*un seul saut la haie de cldture, 
de Tautre c6t^ de laquelle elle s'enfuit avec une grande rapidity pour 
aller se perdre dans les taillis. Nous pouvons ainsi juger de la rapidite 
des mouvements, de Tagiliti et de Taptitude au saut dont jouit Tespfece 
sauvage. 
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Fernandes a observe le comportement des aperea k T^tat naturel 
et a constate qulls sont prompts et agiles et qulls sautent jusqu'i un 
m^tre, avec 616gance. De leur c6te Perrier, Blaringhem et Provost 
ont not^ le mfeme comportement. 

Par contre, pour quiconque connait un peu les moeurs du Cobaye 
domestique, il est manifcste que sa nature dolente, sa passivity et 
sa corpulance massive le placent en opposition avec la nature vive du 
Cobaye sauvage. Le cobaya n'est nullement doue du pouvoir de sau- 
ter en hauteur; tout au plus peut-il se hisser jusqu'^t 20centimetres. 

II faut se r^ferer au chapitre de ce M^moire qui traite des dimensions 
compares des pattes et de leur forme, ainsi qu'aux figures squeletti- 
ques qui sont jointes a la fin de notre texte, pour avoir une nette idee 
que Torigine de ce comportement reside dans la conformation muscu- 
laire des membres et du bassin qui s'av^re plus d^velopp^e chez aperea 
que chez cobaya. C’est surtout la forme des pattes, minces et elanc6es, 
de Tesp^ce sauvage, qui en marque le caractere. 

Les croisements ont done mis en opposition les deux antagonistes: 
cj aperea sauteur (positif) par $9 cobaya non-sauteurs (negatif). 

Des la naissance des premiers hybrides Fi nous eumes la certitude 
que ce caractere ^tait transmissible par h^r^dit^. En effet, tous les 
hybrides Fi furent dou^s d'une forte agility, d*une allure extremement 
vive, progressant par bonds et parsauts 4pieds joints. Cette disposition 
se manifestait d€]k chez les jeunes des la premiere semaine, alors 
qu'ils ne d^passaient guere 100 grammes, et s*accentuait dans la suite. 
Leur vivacite se manifestait, en outre, lorsque nous les prenions, par 
des coups de griffes et des tentatives de mordre. Lorsqu'ils trouvaient 
moyen de s'^chapper de leur cage, ils courraient dans Tfeurie avec la 
plus grande rapidity, par bonds r6p6t6s, se precipitant contre les parois 
qu'ils tentaient de gravir en sautant. A deux ou trois* reprises nous 
e^mes Toccasion d'en voir grimper le long des grillages exterieurs des 
cages. Ils ne se laissaient pas saisir sans une forte resistance. Une 
fois adultes, les hybrides etaient devenus de vrais demons. 

Eleves dans des cages spacieuses, munies de perchoirs hauts de 
50 centimetres, qu'ils atteignaient facilement d’un bond, nous p6mes 
assister k la manifestation de leur vivacite et k Teiegance de leurs sauts 
en hauteur. 

Tous les hybrides Fi etant nes, sans exception, porteurs du carac¬ 
tere dans sa plus forte expression (nous notons en passant ce pheno- 
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mene de luxuriance) nous en ddduisons que ce caractfere a 6te apporte 
par le parent aperea a T^tat dominant sar la condition negative, non- 
sauteur, du Cobaye domestique. 

La g6n6ration Fi (done celle provenant du croisement hyb. Fi x 
hyb. Fi) donna lieu k une segregation tr^s apparente des facteurs en 
jeu, par la production de toute une serie de degres de plus ou moins 
forte expression du caractere. On remarque des jeunes qui, des le cin- 
quieme jour, pouvaient faire des sauts de 20-30 centimetres et par- 
venaient facilement, d’un seul bond, k atteindre le j>erchoir. Par 
contre, d'autres sujets de la F 2 ne manifestaient, durant leur existence, 
aucune disposition de sauteur. 

Le fait interessant qui ressort de ces observations est qu*il s’est 
opere une nette disjunction entre le caractere dans sa plus forte ex¬ 
pression et retat compietement negatif. Seulcment, il fallait consid^rer 
Texistence de termes moyens de comportement qu'il n'etait guere 
possible d'apprecier de fa 9 on a en deduire une analyse g6netique ri- 
goureuse, par le fait que les variations d*intensite se montraient nom- 
breuses et incertaines. 

Cependant, les sujets de la F 2 qui, une fois adultes, manifestaient 
sans aucun doute la possession du caractere et ceux qui s’averaient 
comme en etant absolument depourvus, furent consideres dans leur re¬ 
partition selon les quatre classes de segregation morphologique. Et 
e’est ainsi que nous pumes nous rendre compte que la transmission du 
caractere du saut se faisait independamment de Torganisation des 
classes morphologiques. 

En effet, la F 2 fit ressortir des individus du type cohaya qui jouis- 
saient de la faculte de sauter parfaitement bien et des sujets du type 
hybride de segregation qui se comportaient absolument comme des 
Cobayes domestiques ordinaires, bien que la conformation de leur 
arriere-train fut, dans le premier cas, du type cohaya, dans le second 
cas du type hybride. A cote de ces types, naissaient des hybrides et des 
cohaya normaux ainsi que des sujets possesseurs du caractere a des 
degres d'intensite fort divers, souvent indeterminables de fa^on cer- 
taine. Dans les classes cS et cs naissaient egalement des sauteurs et 
des non-sauteurs. 

Nous retiendrons de ce qui precede le fait interessant qu’un carac¬ 
tere qui, chez Tespece parentale aperea depend de Torganisation mus- 
culaire des pattes, pent se manifester dans une classe de segregation 
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dont les repr&entants (CS) ne possMent pas ph6notypi que- 
m e n t cette organisation. 

La morphologic g6n6rale fait ressortir le type cobay a (CS), ovoide, 
comme dominant sur le type aperea (cs), fusiforme; on en conclut que 
la manifestation du caract^re psychologique du saut 6tant li6e k 
Torganisation de la musculature des pattes et du bassin, les sujets de la 
classe cobaya qui sont dou6s de ce caractdre doivent posseder une orga¬ 
nisation appropri6e. Cependant Texamen superficiel de ces derniers ne 
montre pas de difference avec la structure morphologique habituelle du 
Cobaye domestique, Un cas de menie nature se trouve analyst plus 
loin (Voir photo 17 ). 

L*etat craintif en opposition a Vital agressif. 

Ed Perrier tient le Cavia aperea comme 6tant de nature craintive, 
timide. M. Fernandes lui attribue un caract^re farouche, ombrageux. 
L'unique femelle que nous ayons pu observer manifestait tout a fait 
la possession de ces caracteristiques; le plus jeune des miles la mani¬ 
festait egalement. Quant au vieux mile, ancitre de la lign6e, il etait 
d'une nature tranquille. Neanmoins il a pu apporter dans la combinai- 
son avec des femelles du Cobaye domestique les mimes caractiristi- 
ques qui sont celles de Tespice aperea. 

Il est clair que la nature du Cobaye domestique est bien diffirente. 
S’il peut itre considire comme etant de nature timide et craintive, il 
n'est certainement pas farouche. Les Cobayes domestiques, comme on 
sait, sont des animaux tout ce qu'il y a de plus apprivois6s. 

D6s lors, si Ton exclut Tilement timidity qui est commun aux deux 
espices, le croisement aperea x cobaya a mis la nature farouche du 
parent aperea en opposition a la nature craintive du parent cobaya. 

Nous reconnaissons que la consecration de ces deux*allelomorphes 
est aliatoire et ne lepose sur aucune donn6e vraiment positive. C'est, 
de notre part, une vue de Vesprit, simplement destinie i faire valoir 
qu'il existe une difference appreciable, vraisemblablement d'ordre fac- 
toriel, entre le comportenient psychologique de Yaperea et celui du 
Cobaye domestique. Mais, quant i dire quelles sont les interferences 
qui la conditionnent, nous ne pouvons aller jusque-l^. 

Et pourtant, si Ton considire le comportement psychologique des 
hybrides Fi, on est forcement amene a reconnaltre que la manifesta¬ 
tion du caractfere participe de Taction de gfenes -differents, apportes 
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par chacun des parents, sans qu’il soit possible d'attribuer k ces gfenes 
une valeur d4finie. 

En effet, les hybrides Fi se sont montrfe en premier lieucomme 
4tant des individus agressifs, caract^re qui ne se rencontre ni chez 
Vaperea ni chez le cohaya. En outre, ce furent tous des sujets turbu- 
lents, agit^s, violents. Malgr4 cela, ils poss^daient le caractfere commun 
de la timidity. 

Sans aller plus avant dans nos considerations, nous pouvons dire 
que la nature agressive et violente des hybrides Fi a donne lieu k une 
segregation manifestee, en F 2 , par Texpression de divers degres d*in- 
tensite reliant la condition absolument positive a la condition com- 
pietement negative. 

En effet, nous avons pu y disccmer des sujets du type cobaya (CS) 
nettement agressifs et turbulents voisinant avec d*autres sujets du 
meme type normalement timides et de nature craintive. D'autre part, 
parmi les individus du type hybride de segregation, des animaux tran- 
quilleset indolents naissaient, ac6te degenotypiessemblables, agressifs 
au plus haut degre. Entre ces deux extremes, on rencontrait des cas 
dont il etait impossible de determiner la nature. 

Ces modes de segregation se sont retrouveis a chaque generation; on 
les constate encore apres 25 annees d'existence de nos lignees. 

Faculte de donner de la voix 

A c6te de leur extraordinaire force musculaire, les hybrides Fi 
se sont fait remarquer par la faculte qu'ils avaient d'emettre des sons 
plus ou moins vifs, dans ^ertaines circonstances, par exemple au mo¬ 
ment du rut ou lorsqu'ils etaient effrayes. Plus specialement en cas 
d'alarme, ils faisaient entendre unsifflement aigu caracte- 
ristique et prononce. Nous ignorons si le caractere du sifflet est par- 
ticulier k Tespece aperea ; du moins ne Tavons-nous pas remarque chez 
les trois sujets que nous avons eus en eievage. Quant k cobaya, on sait 
que dans sa vie habituelle il en est depourvu. Si, lorsqu'il est soumis k 
Tautopsie sur le vivant ou k d’autres pratiques experimentales, il 
pousse des cris violents sous Teffet de la douleur, ces cris n'ont rien de 
comparables avec le sifflet manifeste par les hybrides. 

Ceux-ci se sont. fait egalement remarquer par certains m u r m u- 
r e s dans la recherche de la femelle, bien diff6rents du r o u c o u 1 e-v 
m e n t des m41es du Cobaye domestique dans les m£mes circonstances. 
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De meme que dans les cas pr^c^dents, une segregation des facteurs 
conditionnant remission de la voix a ete nettemcnt constatee dans la 
descendapce. 

Odeur particuliire de Vurine 

I/iirine des trois aperea que nous pumes observer presentait une tres 
forte odeur de muse, tr^s apparente chez le m&.le, ancetre du croise- 
ment, et marquant une difference tr^s nette avec Todeur de Turine du 
Cobaye domestique. Celle des hybrides Fj etait, en outre, de nature 
4cre et acide. 

Tres caracteristiques a ce point de vue etaient les accouplements 
entre hybrides ouentre hybride et un autre type de segregation, durant 
lesquels une forte odeur emanait de cette action. L'emission de cette 
odeur du rut s'est montree tres persistante au cours des genera¬ 
tions et, actuellement, apres 25 annees elle se fait encore remarquer 
dans les unions entre heterozygotes. Tout particulierement, un jeune 
couple du type fusiforme, de coloration noire, la produit fortement a 
chacun de ses coits. 

FacuUi d*6ire refractaire aux puces 

Nos trois aperea semblaient etre absolument indemnes de ce parasi¬ 
te. L*etat d'etre refractaire aux puces peut done etre mis en op¬ 
position k celui du Cobaye domestique qui en heberge d'abondantes 
colonies, ainsi qu'il est facile de sen rendre compte sur les cadavres. 
Pour ce qui est des hybrides, nous pouvons les tenir comme etant re- 
fractaires a ces insectes, disposition absolument confirmee par Texa- 
men des cadavres. D’ailleurs, jamais Ton ne voyait les hybrides se 
gratter autant que le font les cohaya. 

Dans la F 2 et dans la suite des generations, une segration du ca- 
ractere fut neltement constatee. Malgre les difficulte^d'observation, 
nous avons pu reconnaitre trois classes distinctes, suivant que 1^ 
caracteristique d'etre refractaire aux puces se manifestait, nettement, 
moyennement, ou pas du tout. 

Cependant nous inclinons a penser que, dans les cas de faible fre¬ 
quence, la presence des puces pouvait provenir de la contagion par des 
sujets plus fortement atteints, sans que cela marque I'indication de 
parasites permanents. 

Nous pensons que la faculte d'etre refractaires aux puces est en re¬ 
lation avec I'odeur de Turine. 
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Dissociation des facteurs conditionnanl le redressement des pattes posit- 

rieures 

Lorsque Ton prend le Cobaye sauvage {Cavia aperea) et qu’on le 
tient en position verticale, la t6te en haut, cet animal redresse violem- 
ment ses pattes post^rieures contre le ventre et les y maintient avec ri¬ 
gidity (photo 18a). Dans son expression la plus compl6te du caractyre, 
le redressement des pattes se fait jusqu'au niveau du cou. 

Dans les memes circonstances, le Cobaye domestique (Cavia cohay a) 
laisse ses pattes postyrieures pendantes, ycartyes, inertes (photo 18c). 
Le ryflexe du redressement des pattes postyrieures est en relation avec 
Torganisation musculaire du bassin, qui regit semblablement la fa¬ 
culty du saut en hauteur. 

II a etc trouvy que ce caract^re ytait manifesty par les deux males 
aperea et par tous les hybrides Fi en sorte qu*il s*est introduit dans 
la combinaison comme dominant sur la condition absolument nygative 
du Cobaye domestique. Les facteurs qui le conditionnent se dissocient 
bien Sipartir de F 2 , raais d'une faijon tres particuUyre; on trouve en 
effet, dans la descendance, des Cobayes domestiques qui ont 

acquis la faculty de redressement (photo 18rf), qui sont done positifs et 
des Cobayes aperea qui ont perdu cettc faculty, done devenus nega- 
iifs. L'expression du caractere subit de grandes variations d’in- 
tensite. 

En effet, parmi les individus de la sygregation nous avons reconnu 
des types fusiformes (cS et cs) qui manifestaient le caraetdre dans sa 
plus forte expression, d'autres moyennement, tel le sujet photographic, 
d’autres pas du tout. Pour ce qui est de la classe CS (cobaya) elle 
a produit.des normaux a c6ty d’individus qui possydaient nettement le 
caractyre, quoique manifesty de manidre incomplete, la largeur de leur 
bassin et rycartement habituel des pattes postyrieures mettant ob¬ 
stacle au redressement complet (photo \Qd). 

Le tableau suivant (no. 48) donne les chiffres ryalises en Fa et dans 
les croisements en retour. 

On constate que dans le croisement direct hyb. Fi x hyb. Fi, la 
dissociation s'est opyrye normalement, en monohybride, en ce qui con- 
ceme les classes hybride (Cs) et nouveauty (cS), mais trys anormale- 
ment en ce qui conceme les classes cobaya (CS) et aperea (cs). Dans les 
croisements en retour, (J<J hyb. Fi x ?? cobaya non-apparentyes, dans 
lesquels les classes nouveauty (cS) et aperea (cs) ne ressortent pas, la 
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Tableau 48. — Dissociation des facteurs conditionnant ie 
redressement des pattes 
dans la F 2 du croisement hyb. F\ x hyb. F\ 


Cavia aperea: positif 
Cavia cobaya: n^gatif 
hybride F|: positif 


classes 

positif 

nOgatif 

prop. 

total 

hybride. . . 

64 

20 1 

3.20 : 1 

84 

cobaya . . . 

11 

19 

0.58 : 1 (1 : 1,73) 

30 

nouveaute . 

21 

7 

3 : 1 

28 

aperea . , . 

11 

3 

3.70 : 1 

14 


107 

49 


156 


ensemble 84 : 30 : 28 : 14 

calculi 9.3.3.1 84 : 28 : 28 : 9.3 


Tableau 49. — Dissociation des facteurs conditionnant le 
redressement des pattes poslerieures 
Croisement en retour : hyh, Fj x ?? cobaya P, 


hyb. Fi — positif, dominant hdt^rozygote 
$ cobaya - negatif, recessif 


provisions: 

nouveauiO et aperea ne ressortent pas 


type hybride 

type cobaya 

1 positif 1 negatif 

1 positif 

1 negatif 


l^Osultats 


F2 

positif 

nOgatif 

proportion 

total 

hybride. 

35 

37 

0.95 ; 1 

72 

cobaya. 

51 

25 

2.04 : 1 
(1 : 0.49) 

76 
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Segregation est normale, en moitie/moitie, dans la classe hybride (Cs) 
et tout k fait anormale, en 2 : 1, dans la classe cobaya, 

Ces modes de disjonction se sont rcproduits k chaque generation 
durant les 25 annees qu'ont dure nos observations. 

L'hypothese qui se degage des faits pent se baser sur le principe 
des empreintes ancestrales que peuvent conserver les 
descendants. 

Nous avons constate que la faculte de redressement des pattes pos- 
terieures apportee par aperea s’est transmise en monohybride regulier 
seulemcnt chez les types hybrides (Cs) et nouveaute (cS), tandis 
qu*elle s*est transmise dans des proportions anormales chez les types 
cobay a (CS) et aperea (cs). Nous nous trouvons en presence de deux 
categories de genotypes: 

D'une part, les types hybrides (Cs) et nouveaute (cS) qui sont des 
organismes de neo-formation, qui n’existent pas a retat naturel. Leur 
disposition au rcievcment des pattes posterieures leur est done trans¬ 
mise par la disjonction reguliere des facteurs qui reconstitue, k partir 
de la Fj, le caractere considere suivant les proportions de dominance 
et de rdeessivite. 

D’autre part, les types cobaya (negatif a retat naturel) et aperea 
(positif k retat naturel). Le caractere leur est bien transmis egalement 
par la voie factorielle, mais, en outre, ils en conservent lempreinte 
specifique innee qui contrecarre la libre expression des 
genes. 

Genes qui n’arrwent pas a s'exprimer ou dont Vexpression est douteuse 

La charpente osscuse fa<^onne la forme generate du corps, sur la- 
quelle des productions cutanees modeient rapparence particuliere des 
genotypes. Nous avons vu que la dissociation des facteurs morphologi- 
ques se fait selon quatre classes de segregation. Seulement, le revete- 
ment cutane cree sur le corps des caracteres de surface qui presentent 
certaines variantes d'un individu k rautre d’une meme classe, et en 
modifient I'aspect particulier. 

Ces variantes sont individueltes et ne semblent pas etre regies par 
les lois habituelles. Parmi celles-ci nous signalerons en premier lieu ; 

La dipression nucale 

Le corps de Vaperea» avons-nous vu, est caracterise par une forte de¬ 
pression nucale qui, placee entre la rotondite du dos et la proeminence 
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de la nuque, forme un caractere tr^s tranche, typique chez Vaperea sau- 
vage. Ce caractere s’oppose nettement k celui form6 par la nuque 
large et le dos moins arqu6 du Cobaye domestique, qui se prolonge en 
une ligne droite, Idg^remcnt bomb^e. 

La depression nucale est sans doute r^gie par des genes particuliers 
faisant defaut chez Thybridc; elle est, par consequent, introduite dans 
la combinaison dans son etat recessif. II faut toutefois dire qu’elle ne se 
retrouve pas toujours prcsente chez les sujets fusiformes de la segre¬ 
gation, notamment chez les types apcrea reconstitues. On rencontre 
sa presence dans la majorite des cas, mais sou vent peu ou presque pas 
marquee, voire tout a fait absente. Dans la classe cohaya, il s*est trouve 
des animaux possedant une ebauche de depression nucale, de meme que 
des types aperea n*en possedant pas trace. 

On enregistre done une grande variabilite dans I’expression de ce 
caractere qui ne participe d'aucune regularite (photo 19). 

Devons-nous voir dans Texistence de ces mutipJes variantes un cas 
de dominance incomplete dela condition ,,nuque bom- 
bec*' du Cavia cobaya} 

II faut tenir compte que, chez apcrea, la depression nucale est 
un caractere squelettique sur lequel vient s'ajouter le complexe de la 
formation cutanee avec ses dependances. Ce complexe provient de 
Taction des genes determinant la formation du squelette et de ceux 
conditionnant le revetement cutane. Ces genes n'ont pas la meme en¬ 
gine ni la meme valence, leur siege ne se trouvant sans doute pas dans 
le meme chromosome, de sorte que leur activite pour modeler le revete¬ 
ment cutane donne probablement lieu a un crossing-over. Ces condi¬ 
tions causent certaines entraves pouvant gener la libre expression 
des genes du revetement cutane. 

Un autre cas du rndme genre reside dans Texistence de certaines 
touffes de poils qui font partie des caracteristiques de Tespece aperea. 

Le Cavia aperea en possede en divers emplacements du corps, no¬ 
tamment sur la tete et aux bajoues; elles font defaut aux m^mes 
emplacements chez cobaya ainsi que chez Thybride. Ces touffes, qui 
s’erigent done comme productions recessives, peuvent, suivant leur 
importance, modifier passablement Taspect des genotypes; elles fer¬ 
ment, dans la descendance, un syst^me de variation tres irregulier et 
incertain. On en trouve des ebauches chez certains sujets qui, par ail- 
leurs, sent nettement du type cobaya et, meme parfois chez des indivi- 
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dus des classes hybrides. Par centre, il arrive qu'elles soient k peine 
existantes chez des animaux des types fusiformes. II en est de m^me 
en ce qui conceme les poils des pieds de Tesp^ce sauvage. 

Chez aperea, les ongles tendent k s'allonger d^mesur^ment avec 
r^ge et k se recourber; il en est de m6me chez Thybride, nullement 
chez cobaya, Dans ce domaine, encore, on rencontre une variation irks 
^tendue de cette formation, qui est done apport^e dans la combinaison 
a r^tat dominant, et dont la segregation se fait tres irreguliercment, 
d'une maniere inccfmpiete qu'il est impossible de determiner. 

On peut en dire autant dela forme des pattes, amincies 
chez aperea, massives chez cohaya, plus ou moins intermediaires chez 
rhybride. Ici, cette disposition se montre comme etant recessive, mais 
sa repartition dans les classes de segregation ne participe d'aucune re- 
gularite appreciable. Pour ce qui est de la longueur comparee des pat¬ 
tes, Tamplitude de variation de ce caract^re a ete determinee au 
chapitre (2). 

La position des oreilles par rapport k celle des yeux, 
leur ecartement differentiel, leurs dimensions, dont la variation a 
egalement ete analysee precedemment, dependent de Tinteraction des 
genes du squelette et du revetement cutane qui se contrecarrent; cet 
agencement en empeche la libre manifestation. 

A plusieurs reprises, nous avons vu surgir, k partir de la F 2 , dans 
chacune des quatre classes, des sujets avec des oreilles gla- 
b r e s, incolores ou parfois de couleur lie de vin. L'absolue 
irregularite de Tapparition de ces caracteres laisse pr^voir que ces for¬ 
mations sont des somations. 

Ainsi que nous Tavons vu (p. 365), la croupe de Vaperea forme 
par rapport au corps un angle tr^s marqu6 qui n'existe pas chez cobaya 
ni chez Thybride. Cette formation depend de Tarrangement et de la 
longueur des poils k la partie post6rieure du corps; elle s'h6rite comme 
recessive par rapport k la croupe lisse et uniform^ment arrondie du 
cobaya, L4 encore, nous nous trouvons en presence d’une formation 
cutan6e dont la manifestation est soumise aux interactions des g^nes 
du squelette et de ceux du rev6tement cutan6 et qui donne lieu k des 
segregations tr^s incompietes et variables. Actuellement nous posse- 
dons encore des sujets cs, normalement conditionnes en ce qui con- 
cerne Tensemble des caracteres de fusifbrmite, mais qui possMent 
la croupe arrondie du Cobaye domestique. 

Genetica XXV 33 
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Formations en mosaique 

Ces formations resident dans le fait que les caract^res des deux 
espies parentales se rencontrent c6te-4-c6te sur les individus h4- 
t^rozygotes. Ainsi, dans la descendance de notre croisement intersp4ci- 
fique, il s’est trouv4 des h^t^rozygotes agoutis portant sur leur robe 
une faible tache blanche ou feu provenant du patrimoine de coloration 
transmis par I’ancStre $. P. cobaya panachte noir-feu-blanc. Le noir ne 
se manifestant pas sur le pelage agouti, la mosaique ne participe que 
du blanc ou du feu. 

Cette formation particuli^re ne s’est jamais manifestde chez les 
hybrides Fi, mais seulement chez les hdtdrozygotes agoutis de la se¬ 
gregation. Ce qui se justifie par le fait que le pelage agouti etant do¬ 
minant, la pigmentation non-agouti ne pent apparaitre qu’4 partir de 
la generation Fj. La formation d’une mosmque marque done I’indica- 
tion d’une dominance incomplete du facteur agouti apporte par 
Yaperea. 

Dans le cas qui nous occupe presentement, la mosaique peut se 
former en diverses regions du corps. Parfois elle est simplement mar¬ 
quee par une mince tache, le plus souvent blanche, peri-anale ou fron- 
tale, sur la nuque ou au milieu du ventre, chez les heterozygotes 
agoutis de la segregation. Les pieds, meme seulement les doigts, peu- 
vent cn etre atteints. Dans les cas les plus pousses, I’heterozygote 
agouti peut porter une large tache feu ou blanche, parfois deux ou 
trois taches ^ des regions imprecises du corps. 

Les genotyjws noirs de la segregation peuvent aussi s’agrementer 
de productions en mosaique. 

Tous les degres d’extension sont possibles qui ne s’heritent que 
d’une fa^on tres irreguliere et sans regie absolue. ^ 

Les formations en mosaique sont parfois sous la dependance de 
facteurs de dilution. 

Post-Scripium. Arnold Pictet est decede le 31 Mars 1948. Son 
oeuvre n’a pu etre terminee. II y manque les conclusions generales qu’il 
entreprenait de rediger lorsque la maladie I’a emporte. La publication 
decememoire etant posthume n’a pu etre mise au point par I’auteur. 
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TWO INDEPENDENT, RECESSIVE FACTORS PRODUCING 
A PINK FLOWER COLOR IN TRTFOLIUM PRATENSE 
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In a previous paper (1) on the genetic basis of some flower colors 
in Trifolium pratense the action of a recessive factor b was discussed 
which, in conjunction with other factors, can be held responsible for 
the appearance of a pink flower color. 

Plants of the constitution BB or Bb develop purple-red flowers; 
if they are bb they produce pink flowers. 

Later research revealed that in crossing two pink-flowered plants 
it may happen that the flowers of the Fi are not pink, but purple-red; 
the pink color reappearing only in the F 2 . To explain this phenomenon 
a factor bi is postulated, which, like the factor b, would be able to 
produce the pink flower color. 

In 1939 a pink-flowering plant of our own collection was crossed with 
a pink-flowering individual from clover of northern France. 

The offspring, comprising 136 individuals, produced in 1940 purple • 
red flowers only and an F 2 family yielded in 1941, besides 44 purple- 
red individuals, 39 plants with pink flowers. 

If we assume that the initial cross may be represented by bbBiB j X 
BBb*b» (each of the parents recessive for one of the two postulated 


factors for pink), then the Fi can be written -, and, if the two fac- 

y Bb' 

tors are indej^endent, in the F 2 — th of the total number of plants may 

39 

be expected to show pink flowers. The observed ratio — (or 46.98 

36 3 ^ 

per cent) agrees very well with the expected ratio —^ (or 43.75 per 
cent). 


— 516 — 
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In order further to test the hypothesis a certain number of pink- 
flowered plants of this F 2 generation were crossed to a pink-flowered 
individual of known origin, which could be represented genotypi¬ 
cally by bbB^Bi. The above-mentioned pink-flowered F 2 individuals 
will, if they result from the action of two independent, recessive 
factors, have the following genotypes: BBb»bi, Ebb^bJ, bbE^B*, 
bbBib^ and bbb>bi in the proportion 1 : 2 : 1 : 2 : 1. 

Crossed with bbE^Bi the type BBb*bi will not produce pink- 

Table I 

The flower color in the Fj families of crosses of a pink-flowering 
plant having the constitution bbE^Bi with plants from a group of 
pink colored individuals in which the genotypes BBbib', Bbb*b*, 
bbBJBi, bbBib^ and bbb^bi were supposed to be present in the 
proportion 1 : 2 : 1 : 2 : 1. 


family number (1 942) | 

total j 

purple-red 

pink 

650 en rec. 

39 

39 

0 

653 en rec. 

57 

57 

0 

655 en rec. 

41 

41 

0 

657 en rec. 

39 

39 

0 

663 en rec. 

34 

34 

0 

644 en rec. 

33 

16 

17 

652 en rec. 

58 

31 

27 

654 en rec. 

32 

20 

12 

656 en rec. 

41 

22 

19 

660 en rec. 

41 

21 

20 

665 

9 

5 

4 

645 en rec. 

62 

i 

0 

62 

646 en rec. 

28 

0 

28 

647 en rec. 

25 

0 

25 

646 en rec. 

19 

0 

19 

649 en rec. 

36 

0 

36 

651 enrec. 

•52 

0 

52 

658 

16 

0 

16 

659 rec. 

29 

0 

29 

662 en rec. 

22 

0 

22 

664 

4 

0 

4 
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flowered individuals in the next generation; Bbbibi will give a pro¬ 
geny consisting of 50% pink-flowered plants, while bbBiBi, bbBib* 
and bbbibi will only have pink-flowered offspring. Consequently 
one out of seven crosses will be expected not to show segregation for 
pink flower color in the Fi; two will produce 50% pink-flowering 
plants and four an exclusively pink-flowering offspring. 

In 1941 it was possible to perform 21 crosses, which in 1942 pro¬ 
duced the results shown in table I (See page 517). 

The proportion found between the number of families that produce 
only red-flowering plants, those that give red and pink individuals 
in a 1 : 1 ratio and those that produce pink-flowering plants only 
is 5 : 6 : 10. 

This shows a satisfactory agreement with the theoretically expected 
ratio 3:6; 12. 

The hypothesis that there are two not linked, recessive factors, 
b and b^ which each can produce the pink flower color seems very 
plausible. 

Wexelsen (2) gives a short analysis of three recessive factors 
responsible for the appearance of a white-pink color in red clover. 
His material sheds no light on the linkage relations of these factors. 
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THE CHROMOSOME-NUMBER OF AMELANCHIER LAEVIS 
WIEG. FORMA VILLOSA TER PELKWIJK 

by 

A. J. TER Pelkwijk 
(Wijster, Dr.) 
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In the j:>eriodical ,,Het Nedcrlands Kruidkundig Archief’ of 1951 (4) 
1 have explained why the well known American Juneberry, run wild 
in several places in the Netherlands, has been described by me as A. 
luevis WiEG. f. villosa. The question arose whether this plant is a local 
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Fig. 1. Chromosomes of Amelanchier laevis Wieg f. 
villosa ter Pelkwijk. Somatic metaphase, 5600 x. 
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variation or a hybrid of the species, in which connection it seemed of 
interest to investigate its chromosome-number. 

The cytology of the genus Amelanchier has been studied by Sax (5) 
and by Moffett (2). Independently and apparently without knowing 
eachother's work, both authors published their investigations on the 
Pomoideae in 1931. The basic number of the subfamily Pomoideae and 
with it of the genus Amelanchier appears to be 17. Sax enumerates 5 
species stated to be diploids (2n == 34) and 2 tctraploid hybrids 
(2n = 68). Moffett gives the names of 4 tetraploid species, two of 
which, however, being synonyms. 

The following survey gives the combined facts. The nomenclature 
of Jones (^) has been followed, slightly changed after Wiegand (6). 


Species 

j Sax 

Moftet^ 

A. asiatica & Zvcc. )}indl. .. 

diploid 

— 

A, canadensis (L.) Med. (syn, A. oblonf^ifolta Koem.) 

diploid 

— 

A.humilis^iEG . 

diploid 


A, laevis V^iEG, (also the sytiov\ytn A. canadensis 
TOrr. & Gray is named, as a seperate, tetraploid 



species). 

-- 

tetraplohl 

A. sanguinea (Pursh.) D.C. (syn. A. rotundifolia 



Roem.). 

diploid 

tetraploid 

A, stolonifera Wieg. 

diploid 

tetraploid 

X A . grandiflora Rehd. 

tetraploid 

—- 

X A. si)icata (Lam.) K, Koch. 

tetraploid 

— 


Sax’s experience that the species <^f Amelanchier are diploid, the 
hybrids tetraploid, is not confirmed by Moffett. For the species A. 
sanguinea and A . stolonifera the statements even do not agree. 

I am much indebted to the Hugo de Vries Laboratorium at Amster¬ 
dam, where roottip-slides were prepared for me and \o the Labora¬ 
torium voor Erfelijkheidsleer (Institute for Genetics) at Wageningen 
where I got the opportunity of preparing such slides myself and of 
studying them, so that the chromosome-number of A, laevis f. viUosa 
could be fixed. 

The somatical number appears to be 68, so 4 x the basienumber 17. 
Since, according to Moffett, also the species A . laevis has been found 
a tetraploid, it appears most probable for A, laevis f. villosa to be a 
local variation, not a hybrid. The bushes are extremely fertile and the 
progeny is strikingly homogeneous. 
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In a recent paper m this journal GuiiXiN (1950) has reported on the 
cytological constitution of the male in seven species of tenebrionid 
beetles. Therein, the diploid chromosome numbers are 14, 16, 18, 20 (in 
three species), and 26, invariably including an XY sex-determining 
pair. In the five with the highest numbers, the moderate-sized, medico- 
centric X and the minute, spherical Y are united at first metaphase in 
the form of a heteromorphic rod. In the 14- and 16-chromosome 
species, the X and Y are both much larger, approximating in size the 
largest and smallest of the autosomes, and are again associated end-to- 
end at metaphase. Schematically the X and Y are represented as 
metacentric chromosomes that except for a short, terminal pairing 
segment in one arm of each, consist entirely of differential segments. 

Guenin, being aware that some 30 per cent of the cytologically 
known Coleoptera possess 20 chromosomes, considers, I believe quite 
justifiably, that this is to i)e taken as the modal number of the order. 
However, he apparently overlooks the significance of the wide distri¬ 
bution within the order of the largc-X minute-Y system, for almost 
two-thirds of the species so far examined are thus characterized (the 
“Xy”-species; Smith, 1950). In fact, among the 28 families currently 
known to me directly or otherwise a sex complex of this type is absent 
from at the most only five; two (Erotylidae and Dacnidae) are known 
only through single species, a third (Cicindelidae) remains cj^ologically 
doubtful, a fourth (Micromaithidae) has a haplo-diploid sex-determin¬ 
ing mechanism, and the fifth (Lampyridac) consists solely of species 

*) Contribution No. 3. Division of Forest Biology. 
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with 19 chromosomes, the y having been dispensed with as it has also 
in the majority of non-Xy species. 

Now it is a striking fact that no 12- or 14-chromosome species and 
only three with 16 chromosomes are so far known to have an Xy sex- 
complex. Among the 18-chromosome species, however, it is tolerably 
common, and occurs most often then in conjunction with a dispro¬ 
portionately large pair of autosomes. In contradistinction, species 
with 20 or more chromosomes are predominantly Xy species. 

This situation points to alternative phylogenetic interpretations: 
either a complex consisting of a low autosomal number and large, 
perhaps indistinguishable, sex chromosomes preceded the commonest, 
9AA “f- Xy, condition, or it is derivative. It is possible to resolve the 
difficulty by an examination of early meiotic stages: the sex chromo¬ 
somes at and around pachytene are characteristically heteropycnotic, 
whereas the autosomes are by-and-large non-heteropycnotic. Conse¬ 
quently, where a low number has resulted from X-autosomal fusion, this 
should be evidenced at pachytene by an association of differentially 
stained hetero- and euchromatic segments. This I find. Relative to 
such a type, species conforming to the formula 9AA + Xy are there¬ 
fore primitive. Moreover, centric fusion of an autosomc with an X of 
necessity results in a single pairing segment (autosomal) and an un- 
^ paired differential segment (the old X) separated by the centromere, 
as has been shown by Asana, Makino, and Niiyama (1942). Proximal 
intercalation of an X into one of a pair of autosomes produces, on the 
other hand, a single, proximal differential segment and two distal 
pairing segments, one on each .side of the centromere (Smith, 1949). 

Gu^nin interprets the mode of association between the X and y 
chromosomes in his 20 chromosome species as being by a single chias- 
ma, which points to their having only one pairing segment in common. 
On the contrary, from a study of five 20-chromosome species of Tene- 
brionidae (including Tenehrio molitor L.), upon which Gu^nin also 
worked) and similarly numbered members in the two closely related 
families, Alleculidae and Melandryidae, to consider the Tenebrionoidea 
alone, I have concluded that the X and y are associated by two ter¬ 
minal contact points, possibly chiasmal in origin, in the form of a 
"'parachute" — see Gu^nin's Fig. 76, among others, and Suomalai- 
NEN*s (1947) illustrations of the condition in weevils. Since the y 
chromosome in tenebrionids is close to the limit of microscopic resolu- 
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tion, it seems logical to assume that Gu^nin has been influenced by 
his observations on the X and Y of the low chromosome-numbered 
species in which there is without doubt only a single pairing segment, 
presumably autosomal in origin. If the latter species are primitive, he 
is doubtless correct, since the Xy complex would then have had its 
origin by progressive diminution of the original Y chromosome (Dar¬ 
lington, 1939, p. 98); if derivative, they shed no light on the mode of 
association between the X and y. In my interpretation I was influenced 
by the presence in an allied species, Tenehrio picipes Hbst., of what 
appear to be unterminalized chiasmata between both arms of the Xy 
complex, as well as by the pairing relationships in beetles such as 
clerids that possess relatively larger X and y chromosomes. Of course, 
if the association between X and y is independent of chiasmata, and 
hence of genetic crossing-over, our difference in opinion is of little 
import. But, the occurrence of chiasmata being accepted, it will be 
obvious that the presence of two pairing segments, located as in Fig. 1 

^ P^__—DS_-__ ^ PS ^ 


Fig. 1. Diagram showing probable relative sizes and distribution of the pairing 
(PS) and differential (DS) segments in beetles with Xyp sex-determining 

mechanisms.' 

herein, no more precludes the possibility of consistent prereduction of 
the observed structural inequalities than docs the single pairing 
segment of Gu^nin's Fig. 81. 
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* 

1. INTRODUCTION 

In Pisum-crosse.s VIII (9) a gene Aw was described which together 
with A is basic for anthocyanin production in the flower. A A aw aw is 
phaenotypically white, although sometimes an extremely faint very 
light rose colour can be observed, probably especially in a very sunny 
season. After the war the original A A aw aw white line was lost and 
I obtained two lines in its place, the identity of which was unknown, 
however. In order to test this identity, the two lines were crossed and 
the present paper deals with the results which were quite unexpected. 

Already by visual examination it turned out that one line was most 
probably identical with the old one, but the other one was clearly 
distinct by always showing clear spots of colouration on the wings, 
corresponding to H C C (== **Horticultural Colour Chart") China rose 
024/2. The colour was named "light". 

In a comparatively small Fj-generation, grown in 1948, difficulties 
in classification were met with, since some colours appeared which 
were uncertain or unknown. In order to get more knowledge of them, 
Fj-lines of all colour types were grown which were bred true in F 4 . 
Also, a new cross between the original lines was made in 1949 and the 
Fg of this cross has given clear results. They led to the existence of a 
new gene, called Ce, which in recessive condition is responsible for 
either the original colour "light" or a new colour "cerise", depending 
on other genes being dominant or recessive. 
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2. EXPERIMENTAL RESULTS 

The two lines ‘light” and “white” gave a purple flowering and 
in the Fg besides the expected parental and Fi colours the known co¬ 
lour “crimson” and a hitherto unknown colour were found. The latter 
corresponds as a whole to very light phlox purple, Phlox purple 
H C C 632/3, with wings of China rose H C C 024/1. It fits the popular 
name “cerise” which on account of its conveniency was adopted. 
The high costs of reproduction prevent me from adding a coloured 
plate to this publication, but seed samples of all the types are available 
for those who are interested in them. 

Once pure lines of the different colour types were available, the 
Fg-classification according to these types did not yield any difficulties. 
It may be remarked that the leaf axil colour of the white parent is 
light, of the light parent dark, while all F^ types besides white were 
dark. 

The Fg was composed of 4 groups, derived from 4 Fj-plants. Since 
they approximately had the same segregation, it will do to mention 
the total figures for the whole Fg. These are: 


purple.270 

crimson. 49 

cerise. 44 

light.55 

white.130 


The derivation of some monogenic ratios from the above figures 
helps to clear up the situation. First of all we find coloured (purple + 
crimson + cerise -f light) : white = 418: 130, expectation (411): (137). 
The well known gene A cannot be responsible for this segregation, 
since all whites in the present case had coloured leaf axils which never 
occurs when A is absent. Hence Aw must be the gene in question. 

Among the coloured types we find: 

(purple + crimson) : (cerise + light) = 319 : 99 

(purple + cerise) : (crimson + light) 314 : 104 

expected according to 3 : 1 (314) : (104) 

These results can be explained by assuming a new gene, Ce, as 
responsible for the former segregation, the known gene Cr 1 Fedotov 
(1,2), identical iVith Ap Haan (3)] determining the latter. 

The total formulae then are: 
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Aw Aw Ce Ce Cr Cr = purple (FJ. 

Aw Aw Ce Ce cr cr = crimson (new combination) 

Aw Aw ce ce Cr Cr = cerise (new combination) 

Aw Aw ce ce cr cr = light (parent) 
aw aw Ce Ce Cr Cr = white (parent) 

In these formulae Aw \s basic gene for colour production. It is un¬ 
justified to ascribe specific actions to Ce and Cr since they mutually 
influence each other. 

Comparing the Fg-figures with the above formulae it is at once clear 
that Ce and Cr are linked. Applying the method as described before 
(8, p. 448) we find:* 

Ce~Cr 270 : 49 : 44 : 55 ! 325 : 93 
(240) : (79) ; (74) : (25) | (265) : (153) 

I c 6.0 

The crossing-over percentage approximates 26.5%. 

There is no reason for assuming linkage between Aw-Ce and Aw-Cr, 
but the only evidence in this case arc the monofactorial segregations 
for Ce and (>. 

A fourth gene, segregating in the present cross, is a factor for stem 
length. The light parent is comparatively tall, the white parent small. 
A clear cut 3 : 1 segregation occurred in Fg, actual figures being 405 
tall: 143 small, expectation (411) : (137). The gene in question might 
be Le, but this is not proven. 

The relations between this length gene and Aw, Ce and Cr did not 
point to linkage, although both for Ce-Le{^) and Cr-Le{}) the devia¬ 
tions from independent segregation are fairly large. The data at hand 
are insufficient for a further discussion. 

3. DISCUSSION 

The above mentioned formulae are incomplete, since other genes are 
known whose presence is necessary for producing purple. The oldest 
known genes in question are A and B (for literature see 7, p. 360). In 
my material A must have been present in all plants, since no un¬ 
coloured leaf axils occurred. Also, B must have been present, since no 
rose and crimson rose have segregated. The same holds true for Tedin’s 
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Ar (5), (6), since no violet and crimson violet have segregated. Hence to 
all formulae A A BB Ar Ar must be added and doubtlessly more genes, 
of which I do not know the effect from personal observation. It may 
be remarked that in my material a somewhat darker and a somewhat 
lighter crimson were found, just as a somewhat darker and a somewhat 
lighter cerise. The distinction was not clear at all, however, and al¬ 
though much can be said in favour of modification due to light and 
age, the possibility of modifying genes cannot, for the moment, be 
completely excluded. 

It is interesting to follow de Haan’s discussion (3, p. 332) on the 
origin of the different flower colours. The probably oldest known pea 
had purple flowers. We now know that purple is the effect of a whole 
series of dominant genes. From purple, colours like rose and crimson 
arose by simple mutations, while the crossing of these mutants gave 
rise to a new colour, namely crimson rose. Tedin's light purple is diffe¬ 
rent, however, since his original type already differed in two genes 
from purple and crossing originated a new recombination which only 
differed in one gene from purple. 

My case of cerise is analogous. The original “light*’ differs in both 
ce and cr from purple and hence must have arisen by two mutations. 
The new colour cerise which is different from purple in only one gene 
was obtained as a segregate after crossing. The mutations 
may have been purple -> crimson light, or purple cerise -> light. 
If my limited knowledge that cerise is a really new colour which has 
not occurred as an original type, is generally true, the latter possibility 
must be excluded, so that “light” has arisen as a mutation from crim¬ 
son. Of course, this is mere hypothesis, attractive as it may be. 

The linkage between Ce and Cr means that Gp — green or yellow 
pod colour — must belong to the same group, since Cr and Gp are 
clearly linked (10). Further evidence is lacking for the moment,however, 
just as with regard to Cp, Fs and Ast which according to Lam- 
PRECHT (4) all belong to his chromsoome V. 

4. SUMMARY 

1. A new gene, Ce, is described which is necessary for the production 
of purple and crimson, ce ce Cr Cr represents the new colour “cerise”, 
while ce ce cr cr stands for “light”, in all cases assuming the presence 
of .4, Aw, B and Ar. 
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2. Ce and Cr are linked with a crossing-over of approximately 
26.5%. 

3. It is supposed that *'light" has arisen from crimson which in its 
turn arose from purple by mutation. 
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The genus Crocus shows a unique chromosome series which is ran¬ 
ging from 3 to 15 in haploid number, among all the Embryophyta. This. 



Figs. 1-13. A series of mciotic chromosomes in the genus Crocus. 

1 . C. Balansae (n = 3). 2. C, aureus {n ~ 4). 3. C.cancellatus (n «= 5). 4. C. puU 
chellus {n = t). 5. C. Heufellianus (n = 7). 6. C. vernus (« = 8). 7. C. speciosus 
{n 9). 8. C. Koralkowii {n = 10). 9. C. Sieberi (n ~ II). 10. C. SaUmannit 
(n « 12). 11. C. versicolor (n == 13). 12. C. logiflorus (n =*= 14). 13. C. Tournee 
fortii (ns* 15). All figures are magnified about 600 times (except 12, x 800).. 
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fact was first discovered by Mather (1932) in studying the somatic 
chromosomes. However, he did not refer to the study of the meiotic 
chromosomes. After eight year's studies, I have completed these 
meiotic chromosome series, the results being shown in Figs. 1-13. 

As to my work of the meiotic chromosomes, Pathak ( 1940) criticized 
that "in fact, he (Karasawa) is the only investigator who has studied 
the meio.sis on a large scale until now". Setting aside the question 
whether this view is right or wrong, it is undoubtedly troublesome 
work to search the good meiotic stages of the bulbous plant, because 
the meioses usually take place either in very young flower buds or in 
bulbs. 
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INTRODUCTION 

The set of genes present in an organism determines at least an 
important part, if not the whole, of its organisation, always in collab¬ 
oration with the environment in which the organism lives. The science 
of phenogenetics is concerned not with the mode of inheritance of the 
genes as studied in genetics but with their action in various parts 
of the body and at various times during the life span of the organism. 
It is obvious that the action of a gene may be studied most advanta¬ 
geously if no other genetic differences interfere. This is the case in 
a true monohybrid. Most often what is called a monohybrid in the 
literature is no monohybrid at all. It is a hybrid where attention to 
only one gene is paid and where for that reason the figures for Mende- 
lian segregation for a monohybrid are found. But the organisms 
which went into the cross may have differed in a number of other 
genes besides the one presently studied. In that case the hybrid in 
reality is a polyhybrid presented as a monohybrid. 

In 1927 Dr A. B. Droogleever Fortuyn, professor of anatomy 
in the Peiping Union Medical College, Peiping, China began to breed 
mice for the purpose of obtaining a number of true monohybrids. 
He started from a cross between a female albino mouse imported 

This article contains the sub.stancc of a thesis which formed a part of the 
requirements for the degree of Master of Science in the Graduate Yuan of 
Natural Sciences in Yenching University, Peiping, China. The work has been 
done in the Department of Anatomy of the Peiping Union Medical College under 
a fellowship granted by the same institution. 
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from the United States of America and a male agouti mouse imported 
from Holland. Both mice belonged to the species Mus musculus. 
Mice of various coat colors were obtained and these were bred in 
many different strains but always so that in each strain two coat 
colors differing in a single gene were maintained. All this material 
has been subsequently lost by the action of the Japanese. 

The color genes involved in this experiment were the following 
well known genes. The “color gene**, C, required for the development 
of any coat color in the mouse. Mice recessive for C (cc) are albino. 
The gene for brown, Br, which determines the basic color of the coat. 
The black gene, Bl, which changes brown into black. The agouti gene, 
A, which affects the distribution of the pigment in the single hair 
and thus causes the gray color of the wild mouse. The gene for re¬ 
cessive spotting, s, which restricts the color of the coat to certain 
areas and finally the gene for black-eyed white, W. 

The coat colors of mice and other mammals are chiefly due to the 
presence of pigment: melanin. The various genetic constitutions of 
the animals determine the size, the density and the distribution 
of the melanin granules and consequently the color of the coat. 

Melanin is an intracellular product. The cell which produces it 
contains a certain oxidase capable of oxidizing tyrosin to melanin 
through a scries of complex processes. One of the intermediate pro¬ 
ducts is “dopa”, or 3~4 dioxyphenylalanine. When the epidermis of 
a colored mouse is soaked in a buffer solution of dopa a black color 
appears in the cells. If an extract of the skin is added to the dopa 
solution there is a black precipitate which appears to be melanin. 
This shows that melanin is derived from dopa by oxidation by means 
of the intracellular oxidase. This process is called the dopa reaction 
and by means of this we can demonstrate the presence of this specific 
oxidase in a cell. 

If the experiment is made with the epidermis of an albino mouse 
the result is negative due to the absence of the oxidase. 

Previous work on the inheritance and chemistry of melanin and 
of the cellular physiology connected with its formation has shown 
that the color gene, C, determines the presence of a specific oxida¬ 
se in the orgarism. The problem of the present study was to find 
answers to the following questions. How is melanin distributed in 
the body of black monohybrid mice? What are the differences be- 
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tween the tissues of the black and the albino mice of the monohybrid 
strain ? When and where does the melanin make its first appearance 
during embryonic development ? 

MATERIAL AND METHODS 

The mice which Dr Fortuyn kindly put at my disposal belonged 
to strain WDM x BDM. They were all descendants of a single pair of 
mice: WDM 2 y 4 i, a white female and BDM 2020, a black male. These 
two mice belonged to the 2 yth generation of mice inbred in such a way 
that always a black sister and her albino brother or an albino sister and 
her black brother were mated to become parents of the next generation. 
In this manner the black and white coat colors of the strain were 
preserved whereas all other genetic differences were gradually elimi¬ 
nated by the sister-by-brother inbreeding. The mice used for this 
investigation may be designated by the genetic formula C c, Hr Br, 
Bl, Bl, a a, S S, w w when black and by c c, Br Br, B1 Bl, a a, S S, 
w w when white. The black mice, therefore, were true monohybrids 
differing from the albino mice to which they were constantly back- 
crossed in only one gene because they carried C instead of c. 

The present research work, therefore, is a study of the color gene. 
If present it causes a chain of reactions, of structural and physiological 
details of the phenotype of the individual hybrid black mouse which 
do not occur in its recessive albino partner. 

The differences between the black and albino mice were studied 
histologically and embryologically. The first method revealed the 
results of the action of the color gene, the last one determined the 
time at which it expressed itself in the phenotype. 

Sexually mature mice were killed by etherizing. The entire skin 
of some of them was preserved with arsenic acid. Some specimens 
of hairs were mounted in balsam after dehydration and clearing. 
Portions of the skin from the upper and lower lips, the back, the 
abdomen, the tail, the external ear and around the genitals and the 
anus were fixed either in 10% formalin, or in Heidenhain's susa mix¬ 
ture, or in Zenker-formalin. They were embedded in paraffin and 
sectioned. When the distribution of the melanin was studied the 
ordinary staining methods of haematoxylin-eosin or azocarmine- 
Mallory II were used. For comparison pigmented and albino skins 
were fixed and sectioned by the same procedure. 
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Some pigmented skins were bleached by hydrogen peroxide and 
then stained by the same methods as the albino ones. The following 
staining methods were tried: acid fuchsin — methylgreen; pyronin — 
mcthylgreen (Unna — Pappenheim); azocarmine — Mallory II and 
the silver impregation method of Becker. Following this tissues 
were fixed in 10% formalin, washed, immersed for 2 hours in a 
2% silver nitrate solution at room temperature, washed with dis¬ 
tilled water and reduced in a saturated solution of sodium thiosulfate. 
After being washed with water they were dehydrated, cleared 
embedded and cut. 

Eye balls, brain, pituitary body, thyroid gland, thymus, liver, lymph 
node and gonads of black and albino mice were fixed, sectioned and 
stained by the same methods. The pia mater of the black mouse was clea¬ 
red and mounted in balsam for the study of the entire pigment cells. 

Embryos were collected daily from the 6th day after insemination 
until the day of birth. The age of the embryos was calculated as 
follows. A pair of mice was put together in a mating jar. Every hour 
the female was inspected for the vaginal plug. Presence of the plug 
meant that insemination had taken place. The age of the embryo 
was counted from this hour and the mother was killed as many days 
after this hour as necessary to obtain embryos of the required age. 

Embryos 12 days old, or younger were fixed within the uterus in 
Bouin’s fixative. After the 12th day the uterus was cut open and the 
embryos were removed and fixed individually. The body length of 
eacl) embryo was measured by means of Venier calipers. Because all 
black mice used in the experiment were heterozygous 50®/o of all 
embryos were developing as black mice and 50^t, as albinos. After 
embedding in paraffin serial sections were made of the embryos and 
these were stained with haematoxylin — eosin. 

OBSERVATIONS 

The observations referring to adult mice and those of embryos 
will be recorded separately. 

A. Adult mice. Seventeen black mice and eight albino ones 
were selected for study. Of the black mice 7 were female and 10 male. 
Among the albinos the sexes were equally represented. The youngest 
mouse was 42 days old, the oldest one 277 days. The life span of the 
mouse is between 2 and 3 years. 
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1. The distribution of melanin in the black mouse. 

Most of the melanin is found in the hairs, the skin and in the eye 
balls. In the pia mater of the brain and in the connective tissue of 
the parathyroid gland there are a few dentritic pigment cells. 

The black mice have the pigment evenly distributed in the hair, 
a condition which is called self color. It differs, therefore, from the 
agouti coloration of the wild mice. Still, even in the black mice the 
coat is not ever 3 nvhere of the same shade of color. The hairs on the 
back are long and thick and densely placed. On the belly they are 
thin and short and the fur is not so dense as it is on the back. So 
the coat looks dark black on the back and lighter on the belly. Some¬ 
times white hairs, single hairs or groups, occur among the black and 
the whole tail tip may be white in color. This occurred in 9 out of 
17 black mice (see Table I). It could not be determined whether the 


Table 1 . The appearance of the coal color in the black mice 


Number 

Sex 

Age in 
days 

Parents 

9 X J 

Appearance of the coat 

BDM 2290 
„ 2289 

9 

9 

166 

166 

BDM 2204 X WDM 2929 

white hair on belly 
white hair on belly 

M 2324 

? 

158 

WDM 2926 X BDM 2200 

white tail tip, a few 
tail rings long 

., 2504 

? 

162 

WDM 3031 X BDM 2288 

white tail tip, white 
hair on belly especial¬ 
ly on the left 

„ 2337 

9 

168 

WDM 2927 X BDM 2201 

white tail tip 

2405 

9 

42 

BDM 2265 x WDM 3009 

solid black 

„ 2325 

9 

158 

WDM 2926 X BDM 2200 

white tail tip 

2235 


124 

WDM 2889 X BDM 2166 

white tail tip, 5 rings 

„ 2338 


174 

WDM 2927 X BDM 2201 

white tail tip 

3080 

(j 

122 

WDM 3570 X BDM 2864 

solid black 

2135 


277 

BDM 2084 X WDM 2792 

solid black 

„ 2503 

(j 

146 

BDM 2336 X WDM 3009 

white tail tip 

„ 2348 


42 

BDM 2234 x WDM 2963 

white tail tip, 4 rings 

2166 


248 

WDM 2816 X BDM 2108 

solid black 

w 2511 

<j 

142 

BDM 2370 X WDM 3106 

white hair on back and 
belly ,white toes 

„ 2530 

s 

1 87 

WDM 3103 X BDM 2368 

white hair diffuse on 
body 

„ 2236 

s 

164 

WDM2889 X BDM2166 

white tail tip, white 
hair on body 
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white hairs are due to somatic mutations or to other physiological 
variations. 

In the hairs the melanin granules are accumulated as caps above 
the nuclei of the cells of the medulla. In the cortex where the cells 
have the shape of scales the melanin granules are arranged in rows 
of 7-12 granules. In the hair sheaths there are very few melanin gran¬ 
ules or none. In the hair papilla the granules are of smaller size and 
more dispersed. 

The range of variation of the size of the granules is wide. Large 
hairs such as the vibrissae and the large hairs of the back contain 
large granules, the smaller hairs on the belly have smaller ones. 
Within a single hair smaller granules are at the tip and larger ones 
in the middle of the shaft. 

Pigment cells in the skin belong to two types: melanoblasts and 
melanophores. The former type occurs in the stratum germinativum 
of the epidermis, the latter one in the corium. The difference between 
the two is based on the ability to produce melanin, as proved by the 
dopa reaction. The melanoblasts in the epidermis give a positive 
result, the melanophores in the corium a negative one. This means 
that the melanoblasts contain the specific oxidase for the formation 
of melanin while the melanophores can only take in melanin granules 
by phagocytosis. 

The fresh skin shows an uneven distribution of the melanin in 
the corium. Some areas are darker and some are lighter and the de¬ 
marcation between the two is very conspicuous. Size and site of the 
areas are not constant but the skin around the anus and the genitalia 
is always dark black. Although the hairs of these regions are thin 
and small the abundant pigment cells in the epidermis make them as 
black as other parts of the coat where the fur is thick. The skin of 
the external ears and of the tail is also black, but lighter in color. 

The cause for the local difference in pigmentation of the corium 
is not clear. It may be related to the shedding of old and the growth 
of new hairs. In black mice one week old the skin is black throughout 
the entire body and this i$ the time when the hairs are growing fast. 
And in an immature mouse — a 32 dsiys old son of BDM 2416 x 
BDM 2417 — the entire dorsal corium was dark black except a small 
area of aljout 2 cm where the hair was lighter than elsewhere. 

Sections show the melanoblasts to be situated among the cells 
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of the epidermis 2 or 3 layers above the basal row. The basal cells 
of the epidermis are also loaded with melanin granules which are ac¬ 
cumulated as a cap on top of the nucleus. These granules are smaller 
than those in the hair shaft. 

The melanophores in the corium are dentritic in form. In a sec¬ 
tion they show 2~5 processes. These may reach the epidermal cells 
or extend as far as among the subcutaneous adipose tissue. 

On the belly the epidermal melanoblasts contain less granules than 
on the back and these are dispersed in the cells. No melanophores 
are found in the corium. 

In the anal skin the melanoblasts of the epidermis are abundant. 
Almost every cell of the stratum germinativurn is loaded with pigment 
granules which sit on the nuclei like caps. Many multipolar melano¬ 
phores are crowded in the corium leaving only a thin layer without 
pigment as a clear space below the epidermis. 

The skin of the lip is almost like the dorsal skin but the vibrissae 
are exceptionally large hairs and at the base of their follicles mela¬ 
nophores arc present. 

In the external car the condition is very much like that in the 
dorsal skin, only more melanophores arc present in the corium. Here 
corium and subcutaneous tissue are very thin. The processes of the 
melanophores penetrate between the fat cells and sometimes there 
are melanin granules in the spindle-shaped cells of the perichondrium. 

In the skin of the tail the outermost layers arc modified into scales. 
Behind them very small and short hairs are placed. The distribution 
of the melanin in the epidermis and the corium is very much the same 
as in the external ear, but there are less melanophores. 

In the eye ball melanin granules are distributed in the choroid 
and in the pigment layer of the retina as well as in the extension of 
these two layers in the iris and the ciliary body. They fill the cells 
so completely that the nuclei can only be seen in thin sections. The 
granules in the retina are rod-shaped and they vary in size; those in 
the choroid are oval or spherical. The melanin in the eye ball ap¬ 
parently turns this organ into a dark chamber as used in optics. 

In the pia mater of the brain there are melanophores with many 
long processes. They are more abundant in the portions covering the 
olfactory lobes and the roof of the fourth ventricle than elsewhere. 
The significance of their presence is obscure. 
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Melanophores with long processes are in the connective tissue 
septa of the parathyroid glands. They are closely associated with the 
veins but this does not explain their function. Their processes follow 
the septa and sometimes reach the thyroid gland but in this no me¬ 
lanophores are found. 

In phagocytes of the spleen there are two kinds of brown granules 
of even size but some of them grouped in clumps and others dispersed. 
The two can be distinguished from each other by the Prussian blue 
method. The clumped granules take a blue color and, therefore, 
appear to be haemosiderin. The dispersed granules remain brown 
when treated with the Prussian blue method but they may be im¬ 
pregnated with silver and, therefore, are melanin. Oval cells containing 
melanin granules are distributed in the red pulp of the spleen. Spindle- 
shaped cells with melanin granules are among the blood vessels and 
smootli muscle cells in the trabeculae of the spleen. 

In the sinuses of some lymph nodes there are melanin granules 
inside phagocytes. 

The phagocytes of the spleen and the lymph nodes engulf the mela¬ 
nin granules of decaying tissues. When a mouse is severely infested 
with mites most of the hair may be destroyed and in that case melanin 
granules accumulate in these phagocytes. 

2. A comparison of black and albino mice. 

Tissues from black mice after having been bleached with hydrogen 
peroxide were stained by various methods and compared with iden¬ 
tically treated tissues from albino mice. 

When stained with haematoxylin-eosin the bleached granules are 
pink in color but not distinguishable as individual granules. With 
haematoxylin-picric acid they are yellow and they cannot be differen¬ 
tiated from the surrounding cytoplasm. With azocarmin-Mallory II 
the bleached granules are deep red. With pyronin-methylgreen the 
granules in the epidermis and in the medulla of the hair arc stained 
blue, but in the cortex of the hair they arc red. With acid fuchsin- 
Mallory II the bleached granules are red in color. By the silver nitra¬ 
te reduction methods all bleached granules are impregnated and deep 
black in color. 

By applying the methods mentioned above to the tissues of the 
albino mouse the cytoplasm shows a homogeneous color and no trace 
of granules. Besides the melanin granules no differences between the 



540 


C. T. LI (LI CHAO-T’e) 


cells of the back and albino mice were observed. It may be empha¬ 
sized again that the many differences in pigmentation between the 
black and albino mice are all caused by the difference in a single 
gene, the color gene, which determines the presence or absence of the 
oxidase for tyrosin. 

B. The black embryos. Table II mentions the age of all 
black embryos used for the present investigation. On the 11th day 


Table 2. The black embryos 


Mother No. 

Embryos 

1 Age 

1 in days 

Body length 
in m.m. 


BDM 2613 

L2 R2 J) 

6 


1 -2-2 embryos in 





left uterine horn, 
R2-'-2 in right 

WDM 3379 

LI R3 

7 



WDM 3302 

L4 R4 

8 



WDM 3300 

L2 R4 

9 



BDM 2425 

L2 R5 

10 



WDM 3275 

L3R5 

11 



BDM 2637 

L2R3 

12 



WDM 3291 

No, 1 *) 

13 

6.6 

*) only blackcyed 





embryos are re¬ 
corded in this ta¬ 
ble 

BDM 2406 

No. 1 

14 

9.1 



No. 2 

14 

8.9 i 


WDM 3256 

No. 1 

15 

10.6 


BDM 2504 

No. 1 

16 

12.4 


BDM 2538 

No. 1 

17 

13.8 



No. 2 

17 

13.6 

f 

,, 

No. 3 

17 

13.9 


,, 

No. 4 

17 

13.8 


WDM 3342 

No. 1 

18 

13.2 


,, 

No. 2 

18 

13.8 


,, 

No. 3 

18 

14.0 


BDM 2588 

No. 1 *) 

19 

16.9 

*) pinkeyed, , no 

lackeyed em¬ 
bryo in litter 

BDM 2690 

No. 1 

20 

14.3 


No. 2 

20 

18,9 


*• 

No. 3 

20 

16.7 
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there still is no trace of melanin granules but on the 12th day they 
appear in the pigment layer of the retina and black embryos may be 
differentiated in serial sections from albino ones. Older embryos 
are determined before sectioning by the color of the eye. As from 
the 13th day the body length of the embryos is measured. 

On the 11th day the development of the eye has reached the stage 
of the optic vesicle. A more or less spherical ball of a single layer 
of cells extends laterally until it comes in contact with the epidermis. 
The central cavity of the optic vesicle which shows no melanin com¬ 
municates with the ventricles of the brain. 

In embryos 12 days old the optic vesicle has become the optic cup 
by invagination. In the optic cup lies the lens vesicle. The outer 
layer of epithelium which is going to develop into the pigment layer 
of the adult retina is a single layer of low colunmar cells. Melanin 
granules are found in the cells between the nuclei and the cell mem¬ 
brane where it is in contact with the inner or nervous layer of the 
retina. Therefore, regarding their position in the cell they correspond 
with the granules of the epidermis. Melanin containing cells are found 
from the outer circumference of the optic cup to the beginning of the 
optic stalk. The granules are spherical or oval in shape, whereas in 
the adult eye they arc rod-shaped. Their size varies. The cells at the 
edge of the optic cup and those around the optic stalk contain dis¬ 
persed fine granules in smaller numbers than elsewhere. 

No melanin granules are observed in other tissues of embryos of 
this stage. 

The melanin in the pigment layer of the retina increases with the 
development of the embryo. In embryos 16 da)^ old the granules 
^ the cells completely and cover their nuclei. Even in the last stage 
of intrauterine development no pigment granules are found in other 
organs than the eye. 

In the newborn mouse, on the 21st day after insemination, the 
Iiair has reached the surface of the epidermis but it does not yet pro- 
trade above it In sections the transparent hair shows a few fine me¬ 
lanin granules but the hau sheaths and the epidermis are free from 
them. 
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SUMMARY 

In the monohybrid black mouse used for this experiment melanin 
granules are distributed in the hair, the epidermis, the corium, the 
pia mater, the parathyroid and the pigment layer of the retina, the 
choroid, the iris and the ciliary body of the eye. Sometimes they are 
found in the phagocytes of the spleen and the lymph nodes. 

The color gene, C, determines the presence of melanin in the tis¬ 
sues mentioned above. In the albino mice of the same inbred strain 
the absence of the color gene causes the absence of melanin. No other 
differences between the tissues of the black and albino mice were 
observed. 

The melanin first appears in the optic cup of the embryo when 12 
days old. At birth it appears in the hairs; later in the other organs. 
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